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ABSTRACT 
 
Genetic characterization, ginsenoside analysis and micropropagation of American 
ginseng (Panax quinquefolius L.) 
 
Samuel G. Obae 
 
American ginseng (Panax quinquefolius L.), is an economically important medicinal 
plant native to eastern deciduous forests of North America. Like many other medicinal 
plants worldwide, P. quinquefolius is mainly collected from the wild. And because of its 
growing demand, abundance of wild populations is threatened with over harvesting. In 
West Virginia, P. quinquefolius is available both in cultivation and in the wild. Even 
though P. quinquefolius occurs in all 55 counties in West Virginia, patterns of its 
harvesting and cultivation vary across the state. As described in chapter 2, the genetic 
diversity and population structure of P. quinquefolius under two levels of wild harvesting 
and cultivation intensity in West Virginia was examined using RAPD analysis. It was 
observed that harvesting pressure decreased genetic diversity whereas cultivation 
intensity increased genetic diversity. Unlike other medicinal plants that are mostly 
harvested for their leaf materials, P. quinquefolius is harvested for its root material. The 
root of P. quinquefolius is unique because it has a tendency to branch into different 
morphotypes, and this variation in root shapes influences the perceived quality and hence 
value of P. quinquefolius roots in the market. In chapter 3, the profiles and contents of 
ginsenosides (bioactive constituents of ginseng) among the three common root 
morphotypes encountered in P. quinquefolius were assessed using HPLC, and a simple 
economic analysis was conducted to determine if sorting roots to respective morphotypes 
before selling can leverage returns for the grower. It was found that roots of “man-like” 
(ML) morphotypes had more total ginsenosides content than those of “bulb or round” 
(BLB) or “straight or stick” (STK) morphotypes. ML roots exhibited low Rg1/high Re 
profile whereas roots of BLB and STK morphotypes exhibited both low Rg1/high Re, 
and high Rg1/low Re profiles. Economic analysis showed that sorting roots to respective 
morphotypes at the farm level before selling can increase returns even with a modest 
price mark up for high quality roots (ML) only on condition that the strategy does not 
result in a price mark down on the other root morphotypes. Given the slow growing 
nature of ginseng, in vitro culture has been suggested as a quick alternative way of 
producing ginseng’s bioactive components. In chapter 4, in vitro response and resulting 
ginsenosides content of explants from the three root morphotypes (ginseng lines) was 
evaluated. It was found that callus induction response, callus biomass, ginsenoside 
profiles and total ginsenosides content varied among lines. Correlations between total 
ginsenosides content of stock plants and callus biomass or total ginsenosides content of 
callus were positive and highly significant. RADP analysis revealed some genetic 
differences among root morphotypes. Based on molecular distances of their RAPD 
profiles, BLB and STK roots grouped into the same cluster and separate from ML roots. 
However, a specific link between a particular DNA band or banding pattern of roots and 
a given ginsenosides profile or abundance was not apparent. Overall, these findings will 
have important implications to the conservation, grading and breeding of P. quinquefolius 
and in vitro production of ginsenosides.  
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For centuries, people have gathered plants from the wild for use as food and medicine 
(Schippmann et al. 2002).  Even today, hundreds of people mostly in developing 
countries derive a significant part of their subsistence needs and income from gathered 
plants and plant products (Iqbal 1993; Walter 2001).  Gathering of high value products 
such as mushrooms and medicinal plants from the wild also continues in developed 
countries for cultural and economic reasons (Bailey 1999; Jones et al. 2002).  
 
Medicinal plants play a central role, not only as traditional medicines within local 
cultures, but also as trade commodities that meet the demands of distant markets 
(Schippmann et al. 2000).  Seventy to eighty percent of the world’s population in 
developing countries depends primarily on herbal medicine for basic healthcare needs, 
mainly due to the long held folklore bequeathed from generation to generation in 
different cultures and because herbal medicines are cheaper and more easily accessed 
through traditional healers as opposed to western medicines (Farnsworth et al. 1985; 
Farnsworth & Soejarto 1991; Mander et al. 1997; Pei Shengji 2001; Vines 2004; Canter 
2005).  Studies have also indicated that significant populations of people in developed 
countries are embracing medicinal practices that involve use of herbal drugs and 
remedies (Hoareau and DaSilva 1999).  For example, over 40% of US population is using 
herbal medicines or herbal based dietary supplements and 25% of the UK populations 
take herbal medicines regularly (Breevort 1998; Vines 2004; Canter 2005). 
 
Increasing use of herbal products in developed countries is evidenced by their 
presence in a wide range of retail outlets and their frequent advertisement in popular 
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media.   Several factors have been attributed to this renaissance, among them; the 
growing individual interest, rising cost of pharmaceutical based healthcare, increasing 
success in validating the safety and efficacy of herbal remedies, renewed interest of 
companies in isolating useful compounds from plants, and legislation improving the 
status of herbal medicine industry (Iqbal 1993; Leaman 2002).  In the US, for instance, 
the passing of the Dietary Supplement Health and Education Act or “DSHEA” in 1994 
has facilitated production and marketing of herbal products and has therefore contributed 
significantly to their increasing usage (Breevort 1998).  
 
Globally, approximately 8% of medicinal plants are threatened, however about 
75% of medicinal plant species in use are still collected from the wild (Walter and Gillett 
1998; Edwards 2004).  The immediate threats to medicinal plants species are 
anthropogenic activities resulting in habitat loss, habitat degradation and over-harvesting 
mainly exacerbated by increasing demand for herbal products both regionally and 
internationally (Cunningham 1993; Hamilton 1997; Kuipers 1997; Ahmad 1998; Lange 
1998).  However, it has been noted that plants are more likely to go extinct due to over 
collection than from habitat destruction and population fragmentation alone (Vance 
2002).   
 
American ginseng (Panax quinquefolius L.), is among the top 12 commonly used 
herbs in the US (O’Hara et al. 1998).  This perennial herb belongs to the Araliaceae 
family and is native to eastern deciduous woodlands of North America (Catling et al. 
1994).  The genus Panax is comprised of eleven species, however, P. quinquefolius and 
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P. ginseng (Asian ginseng) are the two species that are commonly utilized for their 
medicinal qualities (Kitts et al. 2000).  Even though the two species grow in similar 
habitats, they occur in different continents (Pritts 1995).  American ginseng was first 
discovered in Montréal, Canada, by Father Lafitau in 1716 (Nash 1898; Goldstein 1975).  
Upon its discovery, the French and native Indians started collecting American ginseng 
roots for export to China where ginseng was extensively used (Nash 1898; Goldstein 
1975).  In 1750, American ginseng was found in western parts of New England region, 
and as human population continued moving westward, American ginseng was found in 
abundance to as far as states west of the Mississippi river (Nash 1898). 
 
Asian ginseng is almost extinct from the wild, therefore the demand for ginseng 
from Asian consumers is mostly supplied from American ginseng harvested in North 
America (Pritts 1995).  For nearly three centuries, American ginseng has been harvested 
from the wild and exported to markets in Asia where ginseng use in traditional Chinese 
medicine (TCM) dates back thousands of years (Duke 1989; Persons 1994; Robbins 
1998).  This has exerted an enormous pressure on American ginseng populations 
especially for wild plants since they are highly demanded and command a higher price 
than cultivated plants (Robbins 1998).   
 
Among the biggest threats to the survival of American ginseng in the wild is over-
harvesting and habitat destruction.  These threats may have been foreseen early in some 
states such as West Virginia and Virginia since they had put in place, during the last 
quarter of the 19th century, legislation that regulated ginseng harvest from the wild (Nash 
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1898).  However, it was not until 1975 that American ginseng was listed as an Appendix 
II species by CITES (Convention of International Trade in Endangered Species) (Robbins 
1998; Sumner 2000).  There are 158 national governments who are signed to CITES 
treaty and are therefore obliged to monitor and control international trade in plants and 
animals listed in its two main Appendices (Schippmann et al. 2002).  Appendix I 
prohibits trade in wild specimens except for reasons such as scientific research, and 
Appendix II requires parties to issue export permits that confirm non-detrimental harvest 
of listed species, and requires importing countries who are parties to CITES to check and 
monitor permits on incoming material (Schippmann et al. 2002).   
 
Following the listing of American ginseng as an Appendix II species, concerted 
efforts including enforcement laws governing collection of wild American ginseng were 
adopted in various state jurisdictions across its range mainly to curb drastic decline of 
wild populations.  American ginseng is designated as “endangered” in Canada, which 
means that its wild population status are at critical levels and therefore export of wild 
harvested roots is prohibited (COSEWIC 2001).  In the US, some states list American 
ginseng as “endangered” and thus prohibit collection of wild ginseng within their 
jurisdictions (Robbins 1998).  However, other states designate American ginseng as 
“threatened”, meaning that a decrease of populations in the wild is evident, but has not 
reached critical levels to warrant prohibition of its collection from the wild (Robbins 
1998).   
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Those states that allow collection of American ginseng from the wild, however, 
do require ginseng collectors to purchase a state permit allowing them to harvest wild 
ginseng within the permit issuing state’s jurisdictions (Schumann and Thomas 1993).  
The permit stipulates the dates within which harvestings is allowed, the age of plants 
from which roots are to be harvested (mostly three or more prongs), and also requires 
collectors to keep records of the amount of root they harvested for each collecting season 
and provide this information to the permit issuing authority upon request (Schumann and 
Thomas 1993; Robbins 1998; USFWS 2005).  The information obtained from these 
records coupled with research findings help ginseng monitoring authorities to formulate 
and implement ginseng management and conservation strategies.  Despite the strict 
regulations and guidelines for American ginseng harvest from the wild, illegal harvesting 
and wanton collection of ginseng outside of stipulated good stewardship guidelines is 
prevalent and this poses serious threats to the survival of ginseng populations in the wild.  
A significant proportion of American ginseng exported from the US is still collected from 
the wild (Pierce 2002).  The top three US states producing wild American ginseng are; 
Kentucky, West Virginia, and Tennessee (Robbins 1998; WVDOF 2008). 
 
Besides wild harvesting, ginseng is also obtained from cultivation. Cultivation of 
ginseng in North America started in the early 1870s (Nash 1898), however it was not 
until 1970s, following the listing of American ginseng in CITES that its cultivation really 
started getting serious consideration among landowners in North America.  Most of 
ginseng cultivation in Canada occurs in the province of British Columbia, whereas in the 
US, the state of Wisconsin leads in ginseng cultivation (Kitts and Hu 2000; Giblette 
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2006; Cheng and Mitchell 2009).  Cultivated ginseng supplies the bulk of American 
ginseng exported from Canada and the US (Pierce 2002).  For instance, the annual 
production of dry roots of cultivated American ginseng in North America in 1999 was 
over 1000 metric tons, while that of wild ginseng roots was approximately 58 metric tons 
with a combined market value of about 100 million US dollars (Ren and Chen 1999).  
Asia still remains the main export destination for American ginseng from the US, with 
approximately 89% of the total export sold to Hong Kong, 5% to Singapore, 4% to 
Taiwan and the remaining 2% to other countries (Robbins 1998).  
 
The effects of over-harvesting on wild American ginseng can be devastating 
given its biology and is therefore a major concern for plant conservationist.  American 
ginseng exclusively reproduces by seed and has a long reproductive cycle (Lewis 1988).  
A plant germinates from seed in early spring 18 to 20 months after seeds are released 
from a mature plant (Hu et al. 1980; Lewis and Zenger 1982; Proctor and Bailey 1987; 
Pritts 1995).  Plants typically do not flower until they are old enough to produce two 
compound leaves (whorls) (Charron and Gagnon 1991).  Flowering may occur during the 
fourth year; however, it is not until the fifth year or later that a mature fruit is produced 
(Carpenter and Cottam 1982; Lewis and Zenger 1983; Anderson et al. 1993).  The 
species is mostly self-fertilized (Schlessman 1985); however out-crossing by generalist 
insects has been reported (Carpenter and Cottam 1982; Lewis and Zenger 1983).  
Asexual reproduction of American ginseng from rhizome or root fragments is unknown 
(Lewis 1988). 
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Demographic studies have reported declining population sizes of American 
ginseng in the wild (Robbins 1998).  Increasing wild population sizes through 
“restocking” with cultivated seeds has been encouraged by conservation managers 
(USFWS 2006).  However, there is a growing concern that this practice may affect the 
existing wild “local” genotypes, as it will result in cross breeding between local and non 
local populations and will subsequently lead to loss of distinct regional genotypes 
(Jacobson and Burkhart 2004).  Nonetheless, reseeding of ginseng in forests has been a 
common practice in most places, and much of the wild ginseng likely exists because of 
deliberate planting of commercial seeds in the past (Jacobson and Burkhart 2004).  This 
raises the question of whether we truly have wild ginseng especially in places frequented 
by ginseng collectors or surrounded by cultivated ginseng farms. 
 
The bulk of American ginseng sold from West Virginia is collected from wild 
(WVDOF 2008).  American ginseng occurs in all 55 counties in WV; however a 
significant proportion of harvesting occurs in the southern counties of the state (WVDOF 
2008).  This is because there are more diggers in the southern part of the state, and for 
cultural reasons people in these counties have grown up gathering herbs and digging 
roots (Anonymous 2008).  Data from ginseng harvest records in WV over a 30 year 
period suggests that wild ginseng in WV is experiencing variable harvesting pressure: 
high harvest pressure, especially among ginseng populations in the southern part of the 
state, and low harvest pressure on populations in the rest of the state.   
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On the other hand, ginseng cultivation is of relatively small scale in West Virginia 
when compared to a state like Wisconsin.  To put this in perspective, in the year 1994 
alone, over 2 million pounds of cultivated ginseng was exported to China from Wisconsin 
(Giblette 2006; Cheng and Mitchell 2009), whereas cultivated ginseng production in WV 
was 11, 063 pounds over a 30 year period (~370 pounds/yr) (WVDOF 2008).  Not all 
counties in WV cultivate ginseng, 7% of the counties have not reported cultivated 
ginseng production in the last 30 years, and 88% of all cultivated ginseng production 
from WV has been from one county during that period (WVDOF 2008).  From this data 
it can be inferred that ginseng cultivation in WV comprises two scales; 1) a small 
segment of growers who cultivate ginseng on a large scale, and 2) a large segment of 
growers, mainly consisting of starters who are often less established and cultivate ginseng 
on a small scale.  Under these two different cultivation scales or intensities, the genetic 
diversity and structure of cultivated ginseng populations could be different.   
 
Generally, during cultivation plant populations can be subjected to different 
selective pressures which can ultimately change the genetic structures of their 
populations (Doebley 1989; Hernandez-Verdugo et al. 2001).  Collection of seeds from a 
narrow source for use in establishing cultivated populations can cause genetic drift and 
bottlenecks that can result in cultivated populations that are significantly diverged from 
their wild progenitor gene pools (Zohary 2004).  Under such circumstances genetic 
diversity may be relatively low in cultivated populations (Zohary 2004).  However, for 
wild populations that are in close proximity to cultivated areas, the possibility of gene 
flow back and forth between wild and cultivated populations is likely.  In this instance, 
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gene flow can reduce genetic isolation and would result in non-distinct wild and 
cultivated populations (Otero-Arnaiz et al. 2005).   
 
In Chapter 2, the genetic diversity and differentiation of WV populations with that 
of non-WV populations was compared, genetic differentiations between ginseng ecotypes 
(wild versus cultivated populations) in WV were assessed, and the effects of harvest 
pressure and cultivation intensity on unprotected wild and cultivated populations 
respectively growing in WV were evaluated.  These genetic comparisons were meant to 
highlight the level of diversity in ginseng populations growing in WV, determine if there 
are genetic differences between ginseng ecotypes, and examine how anthropogenic 
activities may be impacting genetic diversity and structure of ginseng populations in WV.  
 
Phtyochemistry of ginseng 
Ginsenosides are the main bioactive components in ginseng. They are available in small 
quantities and are believed to be responsible for most of ginseng’s pharmacological 
actions (Attele et al. 1999).   More than 40 different ginsenosides have been identified, 
isolated and characterized in ginseng (Teng et al. 2003).  The basic structure of 
ginsenosides is similar, consisting of a gonane steroid nucleus with 17 carbon atoms 
arranged in four rings with a modified side chain at C-20 (Radad et al. 2006) (Figure 1.1).  
Based on their structural differences, ginsenosides can be classified into three groups: the 
protopanaxadiol group (e.g., Rb1, Rb2, Rb3, Rc, Rd, Rg3, Rh2, Rs1), the 
protopanaxatriol group (e.g., Re, Rf, Rg1, Rg2, Rh1), and the oleanic acid group (e.g., 
Ro) (Attele et al. 1999; Vanisree et al. 2004).  
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The specific mechanisms of pharmacological actions of ginsenosides are yet to be 
fully elucidated.  However, it has been suggested that each ginsenoside may have its own 
specific tissue-dependent effects and may act independently or in combination with 
others to produce a biological effect (Ki et al. 1998; Murphy and Lee 2002).  For instance 
ginsenosides Rg1 and Rb1 have been reported as efficient neuroprotective agents (Liao 
2002), they promote neural growth in vitro, protect neurons against ischemic injury (Zou 
2002; Shen and Zhang 2003), enhance learning ability by increasing hippocampal 
synaptic density (Mook-Jung 2001), and prevent memory loss by increasing the 
proliferative ability of neural progenitor cells (Wen et al. 1996; Zhang et al. 1998; Shen 
and Zhang 2003).  It has also been reported that ginsenoside Rb1, when topically applied 
to a burn wound on mice, mediates vascular regeneration by promoting angiogenesis 
during skin wound repair via stimulation of vascular endothelial growth factor (VEGF) 
production and elevation of  interleukin (IL)-1β resulting from the macrophage 
accumulation in the burn wound (Kimura et al. 2006). 
 
Other studies have reported ginsenosides Rb1, Rb2 and Rc as effective anti-
cancer agents as they inhibit tumor angiogenesis and metastasis (Mochizuki et al. 1995; 
Chang 2003).  Ginsenoside Re has been reported to have anti-diabetic and anti-
hyperlipidemic properties (Attele et al. 2002; Xie et al. 2005; Cho et al. 2006).  These 
preliminary findings on medicinal properties of ginsenosides signals a significant 
potential for their future use in conventional medicine to treat diseases such as cancer, 
diabetes, amnesia, Parkinson’s and Alzheimer’s diseases.  However rigorous clinical 
studies will need to be undertaken before ginsenosides are fully integrated into 
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conventional medicine (Kitts and Hu 2000).  Nonetheless, use of ginseng as herbal 
remedy and supplement will continue to increase.    
 
The root is the most used plant part of ginseng.  Variations in content of total and 
individual ginsenosides have been reported between populations and even among 
individual roots within a single ginseng population (Smith et al. 1996; Assinewe et al. 
2003; Lim et al. 2005).  Even unique ginsenoside profiles (chemotypes) that are 
population specific have been reported in ginseng populations (Schlag and McIntosh 
2006).  The variations in ginsenoside profiles and contents have been attributed to several 
factors such as age of the root, growing conditions, and underlying genetics (Smith et al. 
1996; Assinewe et al. 2003; Lim et al. 2005; Schlag and McIntosh 2006). 
 
There is a notable bias in preference for roots among ginseng consumers based on 
root morphotype (Kim 2005).  The varied preference significantly influences the way 
ginseng roots are graded and valued by its consumers (Roy et al. 2003, 2008).  American 
ginseng roots have been classified into 3–5 morphotypes.  Sokhansanj et al (1999) 
classified freshly dug ginseng roots into three distinct morphotypes: Pencil, chunky, and 
complex.  A “Pencil” root resembles a carrot, it has a slender body and lacks major lateral 
roots; a “chunky” root has 3 to 4 large lateral roots giving a “man” shape to the root; and 
a “complex” root has a single central body with lateral roots giving a “chicken claw” or 
“spider” shape to the root.  Roy et al (2003) classified dried roots into five categories: 
chunky, forked, pencil (carrot), spider, and fiber.  Following this classification, a 
“chunky” root is described as bullet or bubble shaped; a “forked” root has a humanoid 
  
 13 
 
appearance, and a “pencil” root has a main tap root equal to or greater than 5 cm in 
length.  “Spider” roots have no distinct tap root present or if present is less than 2 cm in 
length and have several secondary and tertiary roots radiating from main root.  “Fiber” 
roots comprise of secondary and tertiary roots with diameters of 1–2 mm or less.   
 
The classification by Roy et al (2003) is typical of that employed by wholesalers, 
who often prune and separate dried roots to attain different grades.  For example ‘fiber’ 
roots are obtained through pruning of secondary and tertiary roots off of the main roots.  
A ‘spider’ root is a very rare morphotype of ginseng and is often times regarded as a 
variant of a ‘chunky’ or ‘bullet’ root.  Therefore only three categories are truly 
representative of the common root morphotypes encountered in ginseng at the farm level; 
‘Forked’ or ‘Man-like’ (ML) – a branched root exhibiting a humanoid shape; ‘Chunky’ 
or ‘Bulb’ (BLB) – compact, round or bullet shaped root; and ‘Pencil/Carrot/Stick’ (STK) 
– slender, elongated tap root without lateral roots (Figure 3.1). 
 
The underlying causes of variations in root morphotypes and consequent effects 
on ginsenoside profiles have not been extensively studied (Li 1997).  Soil texture and 
bulk density have been attributed to influencing the shape of ginseng root (Li 1997; Park 
et al. 2005; Roy et al. 2008).  It is reported that coarse-textured soils provide little 
resistance to root growth especially in the seeding year resulting in less desirable STK 
shaped roots, and that roots grown in loam soil are shorter and rounder than those grown 
in sand soil (Roy et al. 2008).  Increasing bulk density (BD) has also been reported to 
result in roots that are shorter, fatter, with wide mid-sections, and chunkier (desirable 
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type) (Roy et al. 2008).  Whereas BD and soil texture may play a role in determining 
ginseng root shape, the effects of underlying genetics cannot be discounted, especially in 
light of the fact that effects of genotype on root morphology have been documented on 
Radish (Rhapanus sativus L.) (Iwata et al. 2004; Tsuro et al. 2007). 
 
Despite numerous reports on ginsenoside content and profiles in ginseng root, 
there has been less focus on relative abundance of individual ginsenosides among 
different root morphotypes.  There are no known cultivars of ginseng (Schluter and Punja 
2002), and this is largely attributed to general lack of breeding direction for medicinal 
plants (Hong et al. 2005).  Long held biased consumer preference for different root 
morphotypes coupled with research findings about pharmacological properties of 
individual ginsenosides will help set breeding targets for ginseng.  In chapter 3, the 
influence of underlying genotypes on root morphotype was assessed, and frequency 
distribution of the three morphotypes (ML, BLB, and STK) among ginseng population 
was tabulated.  Also the concentrations of six main ginensosides (Rg1, Re, Rb1, Rc, Rb2, 
and Rd) among the three root mophotypes were compared, with particular attention 
drawn to variations of Rg1, Re and Rb1 ginsenosides profiles.  Lastly, the potential 
economic implications for the grower who may like to sort his harvested roots to different 
morphotypes prior to selling them as a way to leverage return for his crop were evaluated.  
 
In vitro production of ginsenosides  
Field cultivation of American ginseng is a time-consuming and labor intensive process.  
It takes 5–7 years from seedling to the final harvestable root, and during that time a lot of 
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care must be given to plants since plant growth is exposed to various pathogens and pests 
(Proctor 1996).  With the increasing demand for ginseng, relying on wild collection and 
field cultivation alone will not satisfy the growing need for ginseng and ginseng products.  
The bioactive components of ginseng produced in vitro have been shown to be similar to 
those produced from native roots growing in natural environments, however their levels 
vary with cell lines and culture conditions (Jhang et al. 1974).  Use of in vitro culture has 
therefore been looked at as a potential alternative and a more efficient way to produce 
ginseng and its bioactive components (Wu and Zhong 1999).  With in vitro culture, 
production is more controllable with regard to quality and quantity, since cell lines with 
desirable productivity can be selected (Wu and Zhong 1999).   
 
Various physical factors that affect in vitro growth and development of plant cells 
and tissues have been reported, among them: physical form of medium, pH, temperature, 
and light (Borkird et al. 1986).  For solid medium; pH range is typically between 5.0 and 
6.0, the growth chamber is usually maintained between 20ºC and 30ºC, and light intensity 
of less than 1000 lux is preferred (Borkird et al. 1986).  Light requirement can vary from 
species to species, for ginseng, usually callus and cell suspensions are maintained in the 
dark and light is not required for cell growth and saponin production (Choi et al. 1994a).  
Other factors that may influence in vitro organogenic response of explants include; size 
of the explant, physiological stage of the donor plant, and the organ that serves as an 
explant source (Thorpe 1981; Choi et al. 1994a).  The composition of culture medium has 
also been observed to influence callus organogenesis and ginsenoside production in P. 
ginseng (Bonfill et al. 2002), and influence of genotype on the growth and development 
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of tissue cultures and ginsenoside metabolism has been reported in the genus Panax 
(Mathur et al. 2003).   
 
There are only few studies on tissue culture of P. quinquefolius reported in 
literature compared to numerous publications on other species of the genus Panax such as 
P. ginseng and P. notoginseng.  The few studies reported on P. quinquefolius tissue 
culture have basically focused on optimizing in vitro conditions for plantlet regeneration 
(Wang 1990; Punja et al. 2004; Zhou and Brown 2005).  Thus far, minimal research has 
been done to elucidate the genetic influence on organogenesis and ginsenoside 
accumulation of P. quinquefolius in vitro tissues.  American ginseng roots exhibit 
different morphological characteristics and this may be a consequence of underlying 
genetics since this species has been reported to be genetically heterogeneous (Assinewe 
et al. 2003).  In chapter 4, the genetic diversity among the three morphotypes (BLB, ML, 
and STK) of American ginseng roots that were obtained from a single population was 
assessed, and the response of their explant tissues to in vitro callus initiation, growth and 
subsequent ginsenosides accumulation was evaluated.  
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Ginsenoside R1 R2 R3 
Protopanaxadiol    
Rb1 Glc-2Glc- H Glc-6Glc- 
Rb2 Glc-2Glc- H Ara(pyr)-6Glc- 
Rc Glc-2Glc- H Ara(fur)-6Glc- 
Rd Glc-2Glc- H Glc- 
Protopanaxatriol    
Rg1 H Glc-O- Glc- 
Re H Rha-2Glc-O- Glc- 
 
Figure 1.1.  Structures of major ginsenosides in Panax quinquefolius. Adapted from 
Assinewe et al (2003). 
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CHAPTER 2 
 
 
Genetic diversity and structure of Panax quinquefolius growing in West Virginia: 
influence of anthropogenic activities 
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Abstract 
 
Using random amplified polymorphic DNA (RAPD) markers, genetic variation and 
structure of wild and cultivated populations of American ginseng growing in West 
Virginia were assessed and compared to those of populations from other states 
(Pennsylvania and Wisconsin).  Effects of cultivation intensity and harvest pressure on 
genetic diversity of ginseng populations in West Virginia were also evaluated.  Eight 
primers were used, generating a total of 98 discernable and reproducible bands of which 
84 (85.71%) bands were polymorphic.  Overall mean genetic diversity measures were 
lower in West Virginia populations compared to populations from Pennsylvania and 
Wisconsin. Among West Virginia populations, mean genetic diversity indices were 
higher in cultivated than in wild populations.  With regard to cultivation intensity, 
populations from a region with low cultivation intensity showed lower levels of genetic 
diversity (percent polymorphism (P) = 29.93%, gene diversity (H) = 0.0948, and 
Shannon’s index (I) = 0.1609) compared to populations from a region with high 
cultivation intensity (P = 60.60%, H = 0.2593, I = 0.3243), these diversity measures were 
significantly different (P < 0.05, Mann-Whitney test).  Analysis of molecular variance 
(AMOVA) further revealed that in cultivated populations 53.68% and 42.11% of the total 
genetic variation was attributed to within and among population differentiation in regions 
respectively, and a small (4.20%) but significant variation was found among regions. 
Significantly higher population genetic diversity evidenced in cultivated populations 
from a region with high cultivation intensity could be attributed to large scale growers 
sourcing seeds from a broad seed source to meet their cultivation scale therefore 
increasing gene flow. Whereas, lower diversity levels among populations in regions with 
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less cultivation intensity could be due to small scale growers probably starting their crop 
from a narrow seed source, mostly from seeds collected from a single population in the 
wild or purchased from a single source. With regard to harvest pressure on wild 
populations, those from low harvest pressure regions had higher genetic diversity indices 
(P = 33.33%, H = 0.1172, and I = 0.1743) compared to populations from high harvest 
pressure regions (P = 28.27%, H = 0.1019, I = 0.1513), however diversity measures were 
not significantly different (P > 0.05, Mann-Whitney test).  AMOVA further showed no 
significant genetic differentiation between the two harvest pressure regions (P = 0.7918), 
but genetic differentiation within populations (48.37%) and among populations (54.10%) 
were significant (P < 0.001).  Even though there was lack of significant differences in 
genetic diversity indices between wild populations from the two regions, lower diversity 
indices in high harvest pressure regions indicate that harvesting pressure could reduce 
genetic diversity of ginseng populations.  These results would have useful implications 
for conservation of this important medicinal plant. 
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Introduction 
 
The immediate threats to medicinal plants species are anthropogenic activities resulting 
in habitat loss, habitat degradation and over harvesting mainly exacerbated by increasing 
demand for herbal products both regionally and internationally (Cunningham 1993; 
Hamilton 1997; Kuipers 1997; Ahmad 1998; Lange 1998).  About 75% of medicinal 
plant species in use are still collected from the wild (Canter 2005), and it has been noted 
that plants are more likely to go extinct due to over collection than from habitat 
destruction and population fragmentation alone (Vance 2002).   
 
Cultivation of medicinal plants has begun to emerge as a common practice mainly 
as a response to declining wild sources.  Increase in cultivation of medicinal plants is 
particularly motivated by possible economic gains stemming from growing demand for 
herbal products globally.  However, during cultivation, plant populations can be 
subjected to different selective pressure which can ultimately change the genetic 
structures of their populations (Doebley 1989; Hernandez-Verdugo et al. 2001).  
Collection of seeds from a narrow source for use in establishing a cultivated population 
can cause genetic drift and bottlenecks that can result in populations that have diverged 
significantly from their wild progenitor gene pools (Zohary 2004).  Under such 
circumstance genetic diversity may be relatively low in cultivated populations (Zohary 
2004).  However, for wild populations that are in close proximity to their cultivated 
relatives, the possibility of gene flow back and forth between wild and cultivated 
populations is likely and that will cause reduction in genetic isolation therefore resulting 
in non-distinct wild and cultivated populations (Otero-Arnaiz et al. 2005). 
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American ginseng (Panax quinquefolius L.), is among the top 12 commonly used 
herbs in the US (O’Hara et al. 1998) and one of the most widely used medicinal herbs in 
the world (Christensen et al. 2006).  Its growing popularity among consumers worldwide 
has led to extensive collection from the wild and increasing cultivation within and outside 
of its native range (Cruse-Sanders and Hamrick 2004; Christensen et al. 2006).  West 
Virginia is at the core of American ginseng’s native range, and collection of American 
ginseng from the wild has been a part of the folklore of West Virginians for hundreds of 
years (Anonymous 2008).  Out of the 19 states authorized to export ginseng, West 
Virginia ranks second in wild ginseng production (Anonymous 2008; WVDOF 2008).  
Even though American ginseng grows in the wild throughout the state, more than half of 
the wild harvested roots come from eight counties in the state’s southwestern corner 
(Anonymous 2008; WVDOF 2008).   
 
Ginseng cultivation in West Virginia however is of relatively small scale when 
compared to a state like Wisconsin.  Cultivated ginseng exported to China from 
Wisconsin in 1994 alone was over 2 million pounds (Giblette 2006; Cheng and Mitchell 
2009), whereas total cultivated ginseng production from WV was 11,063 pounds over a 
30 year period (~370 pounds/yr) (WVDOF 2008).  Not all counties in West Virginia 
cultivate ginseng, 7% of the counties have not reported cultivated ginseng production in 
the last 30 years, and 88% of all cultivated ginseng production from West Virginia has 
been from one county during that period (WVDOF 2008).   
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Based on ginseng production data in West Virginia (WVDOF 2008), it is apparent 
that wild ginseng populations occurring in areas where ginseng harvest is permitted face 
two levels of harvest pressure: high harvest pressure especially in southern parts of the 
state where collection of wild ginseng is dominant, and low harvest pressure in the rest of 
the state where ginseng harvest is low to moderate.  Likewise, ginseng cultivation 
intensity in West Virginia can be categorized into two scales: high cultivation intensity 
regions mainly comprised of a small segment of well established growers, and low 
cultivation intensity regions mostly comprised of a large segment of growers basically 
starting out and often less established.   
 
Genetic variation and structure under these varied levels of harvest pressure is 
relatively unexplored, and little is known about how the cultivation process has impacted 
genetic variation and structure in American ginseng populations in West Virginia.   
Genetic variation is a valuable resource from which populations derive short-term 
adaptation to environmental stochasticities and long-term evolutionary changes (Ellstrand 
and Elam 1993), and is a good reservoir from which breeding varieties can be derived.  
The amount and structure of genetic variation in cultivated populations is shaped in part 
by how genetic material is obtained and how it is transferred from one cultivated 
generation to the next (Abbo et al. 2003; Miller and Schaal 2006).  Cultivated crop 
species that are started with seeds obtained from a few wild plants often result in 
cultivated populations that are less diverse than their wild relatives (founder effect) 
(Abbo et al. 2003).  The goal of this study was to compare genetic diversity of West 
Virginia ginseng populations to populations in other states, and assess genetic diversity 
  
 37 
 
and population structure of American ginseng populations under varied levels of 
anthropogenic influences.   
 
Materials and methods 
 
Study species— Panax quinquefloius L. is a long-lived perennial herb with palmate 
compound leaves and a fleshy tap root.  The species belongs to Araliaceae family and is 
native to eastern deciduous woodlands of North America, from southern Ontario and 
Quebec in Canada, along the Appalachian Mountains, south to Georgia and west to 
Minnesota and Oklahoma (Catling et al. 1994).  It is allotetraploid with 2n = 48 
chromosomes (Hu et al. 1980).  Plants typically do not flower until they are old enough to 
produce two leaf whorls (Charron and Gagnon 1991).  Flowering may occur during the 
fourth year; however, it is not until the fifth year or later that a mature fruit is produced 
(Carpenter and Cottam 1982; Lewis and Zenger, 1983; Anderson et al., 1993).  The 
species is mostly self-fertilized (Schlessman, 1985) however, outcrossing by generalist 
insects has been reported (Carpenter and Cottam 1982; Lewis and Zenger 1983).  A 
mature plant may produce 30 to 40 fruits on each inflorescence, and seeds usually 
undergo a dormancy period of 18 to 20 months before germinating in early spring of the 
second growing season (Hu et al. 1980; Lewis and Zenger 1982; Proctor and Bailey 
1987; Pritts 1995).  Asexual reproduction of American ginseng from rhizome or root 
fragments is unknown (Lewis 1988). 
 
Plant materials— Leaf samples from 468 plants in 26 populations of wild and cultivated 
P. quinquefolius were collected in 2007 and 2008 from West Virginia, Pennsylvania, and 
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Wisconsin (Table 2.1).  Leaf samples from cultivated populations were donated by 
growers, whereas samples of wild populations were collected from the wild with the help 
of ginseng diggers in various regions.  At least 9 randomly selected plants within a 50 
meter radius of a contiguous patch of ginseng plants were sampled.  Upon collection, 
individual leaf materials were wrapped separately in moist paper towels then placed in 
Ziploc® bags (S.C. Johnson & Sons, Inc., Racine, WI) and transported back to the 
laboratory within 24 hours.  Samples from Wisconsin were collected by the grower 
following the same procedure as all other samples and were shipped to West Virginia 
University horticulture research laboratory using FedEx next day delivery.  Once in the 
laboratory, leaf samples were surface rinsed with distilled water then immediately frozen 
in liquid nitrogen and stored in Ziploc® bags at – 80º C until DNA extraction. 
 
 To assess the effect of cultivation intensity and harvest pressure on genetic 
diversity of ginseng populations, samples in West Virginia were collected from 
populations in specifically demarcated regions reflecting different cultivation intensity 
and harvest pressure.  Regions were demarcated based on ginseng harvest records 
obtained from West Virginia Department of Forestry (WVDOF 2008) for the period 
between 1978 and 2006.  Regarding cultivation intensity, two regions were categorized.  
Region 1 (WVCR1), low cultivation intensity, was mainly comprised of small scale 
ginseng farms typically less than 1 acre of land under ginseng cultivation with reported 
ginseng production averaging less than 10 pounds per year; and region 2 (WVCR2), high 
cultivation intensity, was comprised of large scale ginseng farms reportedly producing on 
average 300 pounds or more per year over a 30 year period (Figure 2.1).  With regard to 
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harvest pressure on wild ginseng populations two regions were categorized.  These 
regions are located in areas where harvesting of wild ginseng is allowed.  Region 1 
(WVWR1), a low harvest pressure region, where ginseng collection averages less than 
500 pounds per year;  and region 2 (WVWR2), a high harvest pressure region, where 
ginseng collection averages over 500 pounds per year over a 30 year period (Figure 2.2). 
 
DNA isolation— Approximately 20 mg of leaf material was placed in 1.5 ml micro 
centrifuge tube and ground with a sterile disposable plastic pestle (Fisher Scientific, 
Pittsburgh, PA).  DNA extraction was done using a GenElute Plant Genomic DNA Mini 
Prep Kit (Catalog no. G2N70, Sigma-Aldrich, St. Louis, MO) following the 
manufacturer’s instructions.  Quality of isolated genomic DNA was assessed by running 
10 µl of DNA template through 1.5% agarose gel in 0.5x TBE buffer (Tris-base, Boric 
acid, and EDTA).  Gels were stained with ethidium bromide (EtBr), then visualized on 
electronic UV transilluminator (ULTRA-LŪM, Inc., Claremont, CA) and digitally 
photographed with Canon Powershot G6 camera (Canon USA, Inc.).  A single high 
molecular genomic DNA band devoid of a smear indicated intact high quality genomic 
DNA suitable for subsequent RAPD analysis (Figure 2.3).  Purity of genomic DNA was 
also assessed based on 260/280 nm absorbance ratios obtained from a spectrophotometer 
(GeneQuat, Pharmacia, LKB Biochrom, England).  A ratio of > 1.5 was considered good 
quality genomic DNA sample for use in subsequent analysis.  For those samples whose 
DNA absorbance ratios were < 1.5 or whose quality appeared poor by electrophoresis, 
DNA extraction was repeated.  For each sample isolated genomic DNA was quantified 
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and diluted to 20 ng/µl with milliQ water and stored at -20oC until when needed for 
RAPD analysis. 
 
Primer selection— Twenty-nine, 10-bp primers were initially selected from a list of 
those that were reported as successful in RAPD analysis of P. quinquefolius in previously 
published studies.  Primers UBC-98, UBC-203, UBC-297 were selected from Bai et al. 
(1997); primers, OPD-03, OPD-05, OPH-04, OPH-05, OPO-15, OPU-10, OPU-15 were 
from Boehm et al. (1999); primers UBC-06, UBC-18, UBC-81, UBC-164, UBC-177, 
UBC-210, UBC-227, UBC-262, UBC-326, UBC-398, UBC-419, UBC-464, UBC-497 
were from Schluter and Punja (2002), and primers OPAD-01, OPAD-02, OPAD-11, 
OPAD-15, OPN-02 , OPN-19 were from Lim (2004).  These primers were prescreened 
for polymorphism and reproducibility in amplification products using one sample each 
from all 26 populations.  Eight of the 29 primers exhibited high polymorphic and 
reproducibile products and were therefore selected for further RAPD analysis of all other 
samples (Table 2.2).  All primers were purchased from Operon Biotechnologies 
(Huntsville, AL). 
 
PCR amplification and gel electrophoresis— RAPD amplification conditions were 
initially optimized following a series of trials in which DNA template amount and primer 
concentrations were varied to determine conditions that produced discernible and 
reproducible bands (Figure 2.4).  Upon establishment of optimal PCR conditions, the rest 
of the samples were amplified twice with duplicate amplifications run on separate days.  
A HotStarTaq® Master Mix Kit ( Catalog no. 203443, Qiagen®, Germantown, MD) was 
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used for PCR amplification with each 25 µl  mixture containing: 12.5 µl Hotstart mix, 
11µl of RNase free H2O, 0.5 µl of primer (0.2 µM) , and 1 µl  of DNA template (~20 ng).  
All PCR amplifications were done on a single thermo cycler (GeneAmp® PCR System 
9700, Applied Biosystems) with a PCR thermocycling program based on the protocol of 
Schluter and Punja (2002) with some modifications. The initial PCR cycle included 
heating the mixture for 15 min at 94oC to activate the HotStarTaq DNA polymerase, as 
recommended by the manufacture, then 10 min at 36oC, and 2 min at 72oC.  Subsequent 
46 cycles included denaturation at 94oC for 30 s, annealing at 36oC for 1 min, and 
elongation at 72oC for 1 min.  In the final cycle primer elongation at 72oC was extended 
for 10 min.  Ten micro litres of amplified fragments were loaded into 1.5% agarose gels 
alongside 1 kb DNA ladder (Promega, Madison, WI) and separated electrophoretically in 
0.5x TBE buffer at 105 V for 40 min.  Gels were stained with EtBr, visualized with 
electronic UV transilluminator, and digitally photographed. 
 
Data analysis— RAPD bands were scored as present (1) or absent (0) in a binary matrix 
for each primer.  Monomorphic bands across all samples and bands below 250 bp or 
above 3000 bp were omitted from subsequent genetic statistical analysis.  Bands outside 
of this range (250 – 3000 bp) are considered unreliable for RAPD analysis (Stewart and 
Porter 1995).  To estimate genetic diversity and population structure, various parameters 
were calculated using different software programs for population genetic analysis.  
Percent polymorphic loci (P), Shannon information index (I) (Lewontin 1972), Nei’s 
(1973) gene diversity (H) and genetic differentiation (GST) were calculated using 
POPGENE ver. 1.31 software (Yeh et al. 1997).  Statistical significance of genetic 
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diversity measures among different levels of comparisons was determined using Mann-
Whitney test in MINITAB release 13.20 (MINITAB, State College, PA, USA). 
 
Hierarchical population genetic structure (two or three levels) and fixation index 
(ФST) values were determined by Analysis of Molecular Variance (AMOVA) using 
Arlequin ver. 3.11 software (Excoffier et al. 2005).  Significance tests were performed 
using 1000 permutations.  AMOVA uses the phenotypic distance to describe how the 
variance is partitioned among and within populations, and tests for the significance 
against the null hypothesis of no population structure (Excoffier et al. 1992; Stewart and 
Excoffier 1996).  AMOVA was based on Euclidean squared distance matrix which was 
constructed using AMOVA-PREP software (Miller 1997).  To illustrate genetic 
relationships between different groups or population levels, a cluster analysis (UPGMA) 
was used to generate dendrograms based on Nei’s (1978) unbiased distance using TFPGA 
software program (Miller 1998) with 1000 bootstrap replications.   
 
Results 
 
RADP polymorphism – Eight primers used in RAPD analysis of 26 populations (468 
samples) generated a total of 98 distinct loci (average 12.25 loci per primer) of which 84 
were polymorphic (85.71%) - an average of 10.5 polymorphic loci per primer (Table 
2.2).  The 84 polymorphic bands were clear, unambiguously scored, and were between 
250 and 3000 bp.   Examples of polymorphic bands generated by different primers are 
shown in Figure 2.5.   
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Genetic diversity and structure in all populations – Among the twenty six populations, 
mean P, H, and I values were 39.33%, 0.1359, and 0.2016 respectively.  Among wild 
populations, mean P, H, and I values were 37.59%, 0.1253, and 0.1883 respectively.  
Within wild populations, lowest genetic variability was in population WV-W_21 (P = 
15.48%, H = 0.0570, I = 0.0655) whereas population PA-W_2 had the highest genetic 
variability (P = 76.19%, H = 0.2060, I = 0.3226).  Among cultivated populations, mean 
P, H, and I values were 41.36%, 0.1482, and 0.2171 respectively.  Within cultivated 
populations, lowest genetic variability was in populations WV-C_6 (P = 16.67%, H = 
0.0470, I = 0.0748) whereas population WV-C_8 had the highest genetic variability (P = 
64.29%, H = 0.2941, I = 0.3691) (Table 2.3).  
 
Overall cultivated populations had higher genetic variation than wild populations 
evaluated in this study; however Mann-Whitney test revealed no significant differences 
in any genetic diversity indices.  The fixation index ФST analogous to FST (Wright, 1951) 
obtained by AMOVA using pairwise distances among populations was equal to 0.473 
(range 0.082 – 0.678).  Which means that 47.3% of total molecular variance was 
attributed to among population differentiation, and 52.7% of the variance attributed to 
individuals within populations and all values were different from zero (P < 0.001)  
 
Genetic diversity within and among groups (WV vs. non-WV populations) – Overall 
non-WV group had higher mean genetic variability (P = 62.85%, H = 0.1866, I = 0.2870) 
than WV group (P = 35.05%, H = 0.1267, I = 0.1861) (Table 2.4).  The Mann-Whitney 
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test revealed significant differences (P < 0.05) in all genetic diversity indices between the 
two groups (Table 2.5, Analysis 1). 
 
 The coefficient of genetic differentiation (GST) for the WV group was 0.462, 
meaning 46.2% of total variation was attributed to among population differentiation, and 
53.8% of variation was within populations.  For the non-WV group GST was 0.170, which 
means 17.0% of total variation was due to among population differentiation, and 83.0 % 
of genetic variation was due to individuals within population (Table 2.4).  AMOVA 
further revealed significant (P < 0.001) differentiation within groups (Table 2.6).  For the 
WV group, among population differentiation accounted for 48.48% of the total variation 
and the rest (51.52%) was attributed to individual differentiations within populations 
(Table 2.6, Analysis 1).  For the non-WV group, 25.33% of the total variation was 
attributed to among population differentiation, and 74.67% was due to individual 
differentiation within populations (Table 2.6, Analysis 2).  When total population 
differentiation was partitioned to a three level hierarchy to account for among groups 
(WV and non-WV) differentiation, highest genetic differentiation was attributed to 
individuals within populations (46.50%), among population differentiation accounted for 
36.84%, and variation between groups accounted for 16.66% of the total variation (Table 
2.6, Analysis 3). 
 
 UPGMA dendrogram based on Nei’s (1978) unbiased genetic distances between 
WV and non-WV populations revealed two well defined clusters separating WV 
populations from non WV populations.  Non-WV group formed two distinct sub clusters, 
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one having Pennsylvania (PA) populations and the other having Wisconsin (WI) 
populations together.  These clusters were supported by high bootstrap values suggesting 
a strong genetic differentiation between groups (Figure 2.6). 
 
Genetic diversity within and among ecotypes (wild vs. cultivated populations) in 
WV – In cultivated ecotype, lowest mean genetic variations were in population WV-C_6 
(P = 16.67%, H = 0.0470, I = 0.0748) whereas population WV-C_8 had the highest 
genetic variability (P = 64.29%, H = 0.2941, I = 0.3691).  For wild ecotype, lowest 
genetic variability was in population WV-W_21 (P = 15.48%, H = 0.0570, I = 0.0655) 
and population WV-W_17 had the highest genetic variability (P = 48.81%, H = 0.1675, I 
= 0.2506) (Table 2.3).  Overall, WV cultivated ecotype exhibited higher mean genetic 
diversity values (P = 39.13%, H = 0.1441, I = 0.2095) than wild ecotypes (P
 
= 31.65%, H 
= 0.1121, I = 0.1666) (Table 2.4).  However Mann-Whitney test did not reveal significant 
differences in any of the diversity indices between ecotypes (Table 2.5, Analysis 2). 
 
  The coefficients of genetic differentiation (GST) were 0.425 and 0.475 for 
cultivated and wild ecotypes respectively, meaning that 42.5% of total genetic variation 
in WV cultivated ecotype resides among population and 57.5 within population, whereas 
for wild ecotype, 47.5% of total variation was among populations and 52.5% among 
individual within populations (Table 2.4).  AMOVA further revealed significant (P < 
0.001) molecular variations within ecotypes, with cultivated populations having lower 
among population differentiation than wild populations (Table 2.6, Analyses 4 & 5). 
However, when variance was partitioned to account for between ecotype variation, a 
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significant (P < 0.001) proportion was attributable to among population differentiation 
(49.10%) and to individual differentiation within populations (51.72%) but not among 
ecotypes (P = 0.07048).  Variation among ecotypes was very small (close to zero), so a 
negative value was obtained (Table 2.6, Analysis 6). 
 
UPGMA cluster analysis based on Nei’s (1978) unbiased genetic distances among 
22 WV populations did not separate populations into clusters consistent with their 
ecotypes.  Populations from both ecotypes clustered with each other indicating that they 
were not distinctly separable from each other genetically, and clusters were supported by 
low bootstrap values (Figure 2.7). 
 
Genetic diversity within and among populations from low (WVCR1) and high 
(WVCR2) cultivation intensity regions in WV – In WVCR1 populations, P values 
ranged from 16.67% to 36.90%, H ranged from 0.0470 to 0.1589, and I ranged from 
0.0748 to 0.2275 for WV-C_6 and WV-C_1 populations respectively (Table 2.3).  
Whereas in WVCR2 populations, P ranged from 53.71% to 64.29%, H ranged from 
0.2329 to 0.2941, and I ranged from 0.2960 to 0.3691 for WV-C_10 and WV-C_8 
populations respectively (Table 2.3).  Mean estimates of genetic diversity of populations 
in WVCR2 were higher (P = 60.60%, H = 0.2593, I = 0.3243) than that of populations in 
WVCR1 (P = 29.93%, H = 0.0948, I = 0.1603) (Table 2.4).  Mann-Whitney test indicated 
significant differences (P < 0.05) in all genetic variation measures between populations 
from low and high cultivation intensity regions (Table 2.5, Analysis 3). 
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The estimates of genetic differentiation (GST) were 0.4140 and 0.3410 for 
WVCR1 and WVCR2 populations respectively, meaning 44.10% of total variation was 
among populations and 55.90% within populations in WVCR1, whereas 34.10% of total 
variation was among populations and 64.10% within populations in WVCR2 (Table 2.4).  
When genetic differentiation was partitioned to account for among regions variation 
using AMOVA, it further revealed higher proportion of differentiation (53.68%) 
attributed to individuals in populations within regions, followed by among populations 
within regions (42.11%) and differentiation among regions was the lowest (4.20%) but 
was highly significant (Table 2.6, Analysis 7). 
 
Genetic diversity within and among populations from low and high harvest pressure 
regions in WV – In WVWR1 populations, P ranged from 20.24% to 48.81%, H ranged 
from 0.0687 to 0.1675, and I ranged from 0.1032 to 0.2506 for WV-W_14 and WV-
W_17 populations respectively (Table 2.3).  Whereas for populations within WVWR2, P 
ranged from 15.48% to 38.10%, H ranged from 0.0570 to 0.1193, and I ranged from 
0.0655 to 0.1820 for WV-W_21 and WV-W_22 populations, respectively (Table 2.3).  
Mean estimates of genetic variation within populations in WVWR1 region were higher 
(P = 33.33%, H = 0.1172, and I = 0.1743) compared to populations in WVWR2 region 
(P = 28.27%, H = 0.1019, and I = 0.1513) (Table 2.4).  However Mann-Whitney test did 
not indicated significant differences in all variation measures between regions (Table 2.5, 
Analysis 4). 
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The coefficients of genetic differentiation (GST) were 0.454 and 0.459 for 
WVWR1 and WVWR2 populations respectively, inferring an almost equal proportion of 
among populations variation for populations in both regions (Table 2.4).  A three level 
hierarchy AMOVA revealed significant (P < 0.001) genetic differentiation among 
populations within regions and individuals in populations within regions, however 
variation between regions was not significant (P = 0.79179) and resulted in a negative 
value (Table 2.6, Analysis 8).   
 
Comparisons between all WV wild populations and populations from WVCR1 or 
WVCR2 – Comparisons between 12 wild populations and 7 cultivated populations in 
low cultivation intensity regions (WVCR1) revealed non-significant differences in all 
genetic diversity measures (Table 2.5, Analysis 5).  However comparisons between the 
same 12 wild populations and 3 cultivated populations from high cultivation intensity 
region (WVCR2) revealed significant differences among all genetic diversity measures 
(Table 2.5, Analysis 6).   
 
 UPGMA cluster analysis of WV populations in different regions based on Nei’s 
(1978) unbiased genetic distances among regions sub clustered WVCR1 populations 
close to populations from wild ecotypes (WVWR1 and WVWR2), whereas populations 
from WVCR2 sub clustered separately from all three regions populations (Figure 2.8). 
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Discussion 
 
Genetic diversity and structure of P. quinquefolius – Using RAPD markers, this study 
evaluated genetic variation and structure among 26 populations of P. quinquefolius.  
Mean values of genetic diversity showed that cultivated populations had higher levels of 
diversity compared to wild populations. This observation is similar to that reported by 
Grubbs and Case (2004) for 44 populations of P. quinquefolius sampled from different 
regions across ginseng’s native range.   On average genetic diversity values obtained in 
this study were higher than those reported for 21 populations (Cruse-Sanders and 
Hamrick 2004) and 44 populations (Grubbs and Case 2004) of P. quinquefolius using 
allozymes.  This can be attributed to the vast numbers of loci that can be examined with 
RAPD markers compared to allozymes, therefore able to reveal a high degree of DNA-
level variation. Allozymes are only limited to protein coding regions and may not be 
representative of genome wide diversity (Stewart and Excoffier 1996).  It is also possible 
that differences in these values could be due to sampling from different populations, even 
though this study and the other two studies sampled plants from the same geographic area 
in WV.   Genetic differentiations among and within populations were highly significant.  
Mean fixation index ФST value was 0.473.  According to Wright (1978), FST values above 
0.25 indicate substantial genetic differentiation.  This observation is consistent to what 
was reported for 18 wild populations of P. quinquefolius (FST = 0.547) in a previous study 
(Mooney 2007).    
 
Comparison of genetic diversity between WV and non WV populations – Means of 
genetic diversity indices were lower for WV populations (P = 35.05, H = 0.1267, I = 
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0.1861) compared to non West Virginia populations (P = 62.85, H = 0.1866, I = 0.2866).  
Lower genetic diversity in WV populations can be attributed to harvest pressure 
associated with the long history of wild ginseng harvesting in WV.  American ginseng 
populations facing harvest pressure have been reported to have reduced genetic variations 
compared to populations in protected areas (low pressure) (Cruse-Sanders and Hamrick 
2004).  Indeed when wild populations in WV were compared directly to wild populations 
form PA which have not been harvested for several years (protected), measures of genetic 
diversity in WV wild populations were almost half that of PA wild populations.  The 
partitioning of genetic structure of WV populations was almost equal for among and 
within populations differentiation, however for non WV populations within population 
differentiation was almost three times that of among population differentiation.  An 
almost equal genetic differentiation among and within populations from WV can be 
explained by lack of significant genetic differences among wild and cultivated 
populations from low cultivation intensity region.    
  
Genetic diversity and structure of population ecotypes in WV – There were no 
significant differences in all diversity measures among cultivated and wild populations in 
WV.  Lack of significant differences in genetic diversity among ecotypes was mainly 
attributed to high level of similarity between wild populations and cultivated populations 
from low cultivation intensity regions (WVCR1) which could be attributed to growers in 
these regions recruiting into their farms seeds collected from wild populations.  The 
Majority of growers from low cultivation intensity regions (WVCR1) were also wild 
ginseng diggers, as most of them did help in locating wild ginseng populations used in 
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this study.  Although it is highly recommended that ginseng diggers plant seeds at 
locations from where they collect wild roots in order to sustain future ginseng 
populations, it is not uncommon for diggers to take along with them some seeds to start 
ginseng crops in their own property.  After all, these seeds do not have associated costs 
(as opposed to expensive commercial seeds) and establishing ginseng populations on 
their personal property ensures easy accessibility and security of their crop from other 
diggers.    
 
Most of the variation in cultivated ecotypes was attributed to individuals within 
populations, whereas in wild ecotypes greater differentiation was partitioned to 
differentiation among populations (AMOVA).  This finding is in agreement with other 
studies on P. quinquefolius (Schluter and Punja 2002; Mooney 2007).  Cultivated 
populations typically have a high degree of gene flow among population mainly due to 
movement of seeds between growers as opposed to wild populations which have mostly 
become isolated because of fragmented habitats therefore there is limited gene flow 
among populations.   
 
Effects of cultivation intensity on genetic diversity – Higher diversity indices were 
observed in populations from high cultivation intensity region than from populations 
from low cultivation intensity regions.  This can be explained by the higher gene flow in 
high cultivation intensity regions as a result of growers recruiting seeds from a broader 
source to meet their cultivation scale as opposed to lower gene flow in lower cultivation 
intensity regions which could be attributable to growers obtaining seeds from a narrow 
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source or even collecting from a single source in the wild to start their ginseng crop.   A 
higher proportion of among populations differentiation was present in populations from 
low cultivation intensity regions (GST = 0.4140) compared to among populations from 
high cultivation intensity regions (GST = 0.3410).  This observation further supports the 
increased gene flow among populations in high cultivation intensity region, which 
increases diversity within populations but reduced genetic differentiation among 
populations.   
 
Genetic diversity of populations under different levels of harvest pressure in WV –  
Higher mean genetic diversity measures were observed in populations from low harvest 
pressure region (WVWR1) than in populations from a high harvest pressure region 
(WVWR2).  This trend is in agreement with both field and simulation studies of P. 
quinquefolius (Cruse-Sanders and Hamrick 2004; Cruse-Sanders et al. 2005).  However 
the differences in genetic diversity measured in this study were not significant following 
Mann-Whitney test and AMOVA.  Lack of significant differences in genetic diversity 
among these regions could be attributed to small sample size evaluated from high harvest 
pressure regions (only 4 populations, 69 samples).  Genetic structure of populations from 
both regions partitioned higher differentiation to individuals within populations than 
among populations, which again is in agreement with other studies on wild populations of 
American ginseng (Cruse-Sanders and Hamrick 2004; Mooney 2007) 
  
Conservation implications – Genetic variation is a valuable resource from which 
populations derive short-term adaptation to environmental stochasticities and long-term 
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evolutionary changes (Ellstrand and Elam 1993).  This study indicates that there is still a 
substantial amount of genetic diversity at the population level for P. quinquefolius 
growing in WV.  Harvest pressure is a factor behind diminishing genetic diversity in wild 
populations in WV and if left unchecked it could have far reaching consequences such as 
severely inbred wild populations in the long run.  However if good stewardship practices 
for wild populations are strictly adhered to by ginseng diggers, the pace of getting to 
critical levels of lack of genetic diversity on wild populations can be slowed.  Lack of 
significant differences in genetic diversity between wild and cultivated ginseng from 
small farms in low cultivation intensity regions imply that there is considerable 
movement of seeds from wild to cultivation and this may eventually lead to non 
distinguishable wild and cultivated genotypes in WV.   
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Figure 2.1. Map of West Virginia showing Panax quinquefolius cultivation regions and 
population sites where samples were collected. Region attributes are described in the text.  
Areas not drawn to scale. 
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Figure 2.2. Map of West Virginia showing wild ginseng harvest regions and populations 
sites where samples were collected. Region attributes are described in the text. Areas not 
drawn to scale. 
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Figure 2.3. Genomic DNA isolated for Panax quinquefolius leaf samples using Mini 
plant genomic DNA isolation kit (Sigma-Aldrich). 1.5% agarose gel, M = 1 kb DNA 
ladder, C = negative control, 1-18 = ginseng leaf samples.  
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Figure 2.4. Reproducibility of band patterns A and B generated by primer UBC-98 in 
samples 1-18 of POP_12.  M = 1 kb DNA marker, C = negative control.  PCR reactions 
were run in separate days. 
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Figure 2.5. Band patterns generated by primers OPAD-11(A) and OPO-15 (B) in samples 
1-10 of POP_13.  M = 1 kb DNA ladder, arrows indicate polymorphic bands. 
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Figure 2.6. Cluster analysis of populations from groups of American ginseng using 
UPGMA based on Nei’s (1978) unbiased genetic distance with 1000 bootstraps. 
Population code followed by -C indicates cultivated population, and -W indicates wild 
population. 
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Figure 2.7. Cluster analysis of West Virginia populations using UPGMA based on Nei’s 
(1978) unbiased genetic distances with 1000 bootstraps.  Population code followed by -C 
indicates cultivated population, and -W indicates wild population. Only bootstrap values 
greater than 60% are shown. 
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Figure 2.8. Cluster analysis of American ginseng populations from different groups, 
ecotypes and regions using UPGMA based on Nei’s (1978) unbiased genetic distance 
with 1000 bootstraps.  
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Table 2.1. Population, ecotype, sample size, and population code of populations used in 
this study.  
 
  Sample Population 
Population Ecotype size Code 
 
WV populations 
POP_1 Cultivated 16 WV-C_1 
POP_2 " 16 WC-C_2 
POP_3  20 WC-C_3 
POP_4 " 10 WC-C_4 
POP_5 " 10 WC-C_5 
POP_6 " 15 WC-C_6 
POP_7 " 25 WC-C_7 
POP_8 " 20 WC-C_8 
POP_9 " 25 WC-C_9 
POP_10 " 40 WC-C_10 
POP_11 Wild 14 WV-W_11 
POP_12 " 18 WV-W_12 
POP_13 " 10 WV-W_13 
POP_14 " 16 WV-W_14 
POP_15 " 15 WV-W_15 
POP_16 " 18 WV-W_16 
POP_17 " 20 WV-W_17 
POP_18 " 12 WV-W_18 
POP_19 " 9 WV-W_19 
POP_20 " 10 WV-W_20 
POP_21 " 25 WV-W_21 
POP_22 " 25 WV-W_22 
 
Non WV populations 
Pennsylvania Wild 16 PA-W_1 
 Wild 20 PA-W_2 
Wisconsin cultivated 21 WI-C_1 
 cultivated 22 WI-C_2 
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Table 2.2. List of primers used in this study. 
 
 
  
Primer 
  
Sequence 5' - 3' 
No. of  
 bands 
No. of  
polymorphic  
bands 
Size ranges (bp) 
of polymorphic 
bands 
OPD-05 TGAGCGGACA 21 15 300-2000 
OPH-04 GGAAGTCGCC 10 9 250-2500 
OPH-05 AGTCGTCCCC 8 8 250-2500 
OPO-15 TGGCGTCCTT 14 12 300-2000 
OPAD-11 CAATCGGGTC 13 12 300-2500 
UBC-81 GAGCACGGGG 14 12 250-3000 
UBC-98 ATCCTGCCAG 10 8 250-2500 
UBC-164 CCAAGATGCT 8 8 250-2000 
Total  98 84  
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Table 2.3. Summary of within-population genetic diversity. n = sample size; P = percent 
polymorphic loci; H = gene diversity (Nei 1973); I = Shannon’s index (Lewontin 1972). 
Refer to introduction section for groups and regions definitions. 
 
Group, region, population n P H I 
WV-group     
WVCR1     
WV-C_1 16 36.90 0.1589 (0.2190) 0.2275 (0.3088) 
WC-C_2 16 27.38 0.0829 (0.1515) 0.1286 (0.2255) 
WC-C_3 20 28.57 0.0998 (0.1702) 0.1504 (0.2497) 
WC-C_4 10 36.90 0.1287 (0.1889) 0.1925 (0.2726) 
WC-C_5 10 28.57 0.1066 (0.1847)   0.1568 (0.2647) 
WC-C_6 15 16.67 0.0470 (0.1140) 0.0748 (0.1757) 
WC-C_7 25 34.52 0.1296 (0.1930) 0.1916 (0.2778) 
WVCR2     
WC-C_8 20 64.29 0.2941 (0.2037) 0.3691 (0.2906) 
WC-C_9 25 63.81 0.2508 (0.1778) 0.3077 (0.2554) 
WC-C_10 40 53.71 0.2329 (0.1963) 0.2960 (0.2814) 
WVWR1     
WV-W_11 14 34.52 0.1240 (01913) 0.1839 (0.2739) 
WV-W_12 18 39.29 0.1270 (0.1894) 0.1914 (0.2697) 
WV-W_13 10 32.14 0.1177 (0.1886) 0.1742 (0.2708) 
WV-W_14 16 20.24 0.0687 (0.1514) 0.1032 (0.2204) 
WV-W_15 15 35.71 0.1312 (0.1965) 0.1932 (0.2812) 
WV-W_16 18 30.95 0.0923 (0.1626) 0.1417 (0.2384) 
WV-W_17 20 48.81 0.1675 (0.2001) 0.2506 (0.2863) 
WV-W_18 12 25.00 0.1090 (0.1955) 0.1560 (0.2766) 
WVWR2     
WV-W_19 9 27.38 0.1184 (0.2003) 0.1697 (0.2835) 
WV-W_20 10 32.14 0.1130 (0.1860) 0.1679 (0.2665) 
WV-W_21 25 15.48 0.0570 (0.1373) 0.0655 (0.2036) 
WV-W_22 25 38.10 0.1193 (0.1781) 0.1820 (0.2585) 
Non-WV group     
WI-C_1 21 52.58 0.1700 (0.1924) 0.2577 (0.2780) 
WI-C_2 22 52.38 0.1675 (0.1971) 0.2525 (0.2822) 
PA-W_1 16 70.24 0.2028 (0.1852) 0.3135 (0.2614) 
PA-W_2 20 76.19 0.2060 (0.1756) 0.3226 (0.2476) 
     
Cultivated (12 populations) 20 41.36 0.1482 0.2171 
Wild (14 populations) 16 37.59 0.1253 0.1883 
All (26 populations) 18 39.33 0.1359 0.2016 
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Table 2.4. Summary of mean genetic diversity of populations in groups, ecotypes and 
regions. n = sample size; P = percent polymorphic loci; H = gene diversity (Nei 1973); I 
= Shannon’s index (Lewontin 1972), GST = coefficient of genetic differentiation. Refer to 
introduction section for groups, ecotypes, and regions definitions. 
 
Group, ecotype, region n P H I GST 
WV  (22 populations) 389 35.05 0.1267 0.1861 0.4620 
WV cultivated (10 populations) 197 39.13 0.1441 0.2095 0.4250 
WVCR1 (7 populations) 112 29.93 0.0948 0.1603 0.4140 
 WVCR2 (3 populations) 85 60.60 0.2593 0.3243 0.3410 
WV wild (12 populations) 192 31.65 0.1121 0.1666 0.4750 
WVWR1 (8 populations) 123 33.33 0.1172 0.1743 0.4540 
WVWR2 (4 populations) 69 28.27 0.1019 0.1513 0.4590 
Non WV ( 4 populations) 79 62.85 0.1866 0.2870 0.1700 
Cultivated (2 population) 43 52.48 0.1688 0.2551 0.0552 
wild (2 populations) 36 73.21 0.2044 0.3181 0.0676 
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Table 2.5. Mann-Whitney test for differences in mean genetic diversity indices among 
populations of P. quinquefolius in various groups, ecotypes, and regions comparisons.   
 
 
Analysis 1. WV vs. non-WV populations (groups) 
 
  
Groups n P H I 
WV (22 populations) 18 35.05 0.1267 0.1861 
non WV (4 populations) 20 62.85 0.1866 0.2870 
Significance   *  *  *  
 
Analysis 2. WV cultivated vs. WV wild populations (ecotypes) 
 
  
Ecotypes n P H I 
Cultivated (10 populations) 20 39.13 0.1441 0.2095 
Wild (12 populations) 16 31.65 0.1121 0.1666 
Significance   NS NS NS 
 
Analysis 3. WV cultivated populations from low vs. high cultivation intensity regions 
    
Regions n P H I 
WVCR1 (7 populations) 16 29.93 0.0948 0.1603 
WVCR2 (3 populations) 28 60.60 0.2593 0.3243 
Significance   *  *  *  
 
Analysis 4.  WV wild populations from low vs. high harvest regions 
 
Regions n P H I 
WVWR1 (8 populations) 15 33.33 0.1172 0.1743 
WVWR2 (4 populations) 17 28.27 0.1019 0.1513 
Significance   NS NS NS 
 
Anlaysis 5. WV wild populations vs. WV cultivated populations from low cultivation intensity region 
 
    
Population n P H I 
Wild (12 populations) 16 31.65 0.1121 0.1666 
WVCR1(7 populations) 16 29.93 0.0948 0.1603 
Significance   NS NS NS 
 
Anlaysis 6. WV wild populations vs. WV cultivated populations from high cultivation intensity  region 
     
Population n P H I 
Wild (12 populations) 16 31.65 0.1121 0.1666 
WVCR2 (3 populations) 28 60.60 0.2593 0.3243 
Significance   *  *  *  
* Significant; NS = not significant at α = 0.05 
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Table 2.6. Summary of analysis of molecular variance (AMOVA) for groups, ecotypes 
and regions of P. quinquefolius using RAPD markers. Significance tests based on 1000 
random permutations. 
 
Source of                                                      Variance                % of total 
variation                           df      SS                   components              variation         P-value  
 
Analysis 1- WV group 
Among populations         21  1938.855 4.96140  48.48       < 0.001 
Within populations      367  1935.279 5.27324                     51.52        < 0.001 
 
Analysis 2- Non WV group 
Among populations            3 209.845           3.09361  25.33  < 0.001 
Within populations         75  684.028 9.12038  74.67        < 0.001 
 
Analysis 3- WV vs. non WV group 
Between groups                1      379.070    2.12286  16.66    < 0.001 
Among populations           24     2148.700  4.69400  36.84   < 0.001 
Within populations       442     619.307     5.92603  46.50      < 0.001 
 
Analysis 4- WV cult. populations 
 Among populations           9 862.597  4.67319  45.30          < 0.001 
Within populations     187 1055.332  5.64348  54.70 < 0.001 
 
Analysis 5- WV wild populations  
Among populations         11 984.850  5.34205 52.22  < 0.001     
Within populations      180 879.947    4.88860 47.78   < 0.001  
 
Analysis 6- WV population ecotypes 
Between ecotypes            1    91.408    -0.08373  -0.82  0.07048 
Among populations         20  1847.447   5.00559  49.10 < 0.001 
Within populations      367  1935.279  5.27324  51.72         < 0.001 
 
Analysis 7- WV cultivation regions 
Between regions          1 159.563  0.44206   4.20 < 0.001 
Among populations            8 703.035  4.42724 42.11 < 0.001 
Within populations      187 1055.332  5.64348 53.68 < 0.001 
 
Analysis 8- WV wild harvest regions 
Between regions           1   86.933     -0.24968 -2.47 0.79179 
Among populations          10  897.916   5.46870 54.10 < 0.001 
Within populations       180  879.947   4.88860 48.37 < 0.001  
________________________________________________________________________________________________ 
     
df = degrees of freedom;  SS = sum of squares. 
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CHAPTER 3 
 
Variation of ginsenosides profiles and content among root morphotypes 
of American ginseng: economic implications 
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Abstract 
 
Quality perception and value of ginseng root is influenced by its morphotype.  In this 
study genotypic influence on root morphotype has been elucidated, profiles and 
concentration of individual ginsenoside among three American ginseng root morphotypes 
(ML, BLB, and STK) are compared, and economic implications with regard to marketing 
and breeding of these morphotypes are assessed.  The three morphotypes were observed 
in 3 month old plants that were grown from a mixed batch of seeds in a greenhouse using 
a growing medium of uniform composition and bulk density.  This implies that 
underlying genetics could be playing a role in morphotype variation in ginseng roots and 
presents a potential for breeding desirable morphotypes, since currently there are no 
cultivars for this species.  The frequency distribution of these root mophotypes in the 
greenhouse study was similar to that observed in field cultivated roots.  On average the 
STK morphotype was the most abundant (63%) followed by BLB (22%) and ML 
morphotypes (15%).  Quantification of six ginsenosides (Rg1, Re, Rb1, Rc, Rb2, and Rd) 
in roots of marketable age (> 4 years) by HPLC showed significant variation in profiles 
and concentration of individual ginsenoside among morphotypes.  Chromatographic 
patterns of Rg1 and Re showed two profiles; low Rg1/high Re, and high Rg1/low Re, 
although the profiles were not particular to any root morphotype.  ML roots consistently 
exhibited low Rg1/high Re profiles whereas BLB and STK roots exhibited both profiles.  
Ginsenosides Rg1, Re, and Rb1 varied significantly among morphotypes, however Rb2, 
Rc and Rd ginsenosides did not.  There was a significant difference in total ginsenosides 
content between ML roots (2.19 ± 0.07 %, w/w) and BLB or STK roots (1.86 ± 0.07%, 
1.79 ± 0.07% respectively), however BLB and STK roots were not significantly different.  
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Basing quality of root on total ginsenosides alone, it would be conclude that roots of ML 
morphotypes are of higher quality than those of BLB and STK morphotypes.  Economic 
analysis showed that if a grower opts to sort out a mixed batch of roots to different 
morphotypes prior to marketing, revenue returns could be increased under current 
production system (no ginseng cultivars) only if sorting does not result in value reduction 
of the other two non-ML morphotypes.  However, if sorting will result in devaluation of 
other two non-ML morphotypes, then even at the lowest sorting cost, this strategy will 
result in a net loss, simply because of the low abundance of ML morphotype in the 
population.  Substantial economic gains are visible if successful breeding and production 
of high quality morphotype is attained in future.  The results from this study provide 
breeding targets for American ginseng, and will have important implications to the 
grading of American ginseng roots.  
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Introduction 
 
American ginseng (Panax quinquefolius L.) is an economically important medicinal plant 
with earnings of over 100 million US dollars annually (Ren and Chen 1999).  This 
perennial herb belongs to the Araliaceae family and is native to the eastern deciduous 
woodlands of North America (Catling et al. 1994).  For over 300 years it has been 
harvested from the wild for export to Asia where ginseng is widely used in Traditional 
Chinese Medicine (TCM) (Duke 1989; Persons 1994; Robbins 1998).  Ginseng use in 
western cultures as an herbal supplement has become common lately, mainly due to 
increasing use of herbal remedies in developed countries (Breevort 1998, Hoareau and 
DaSilva 1999).  
 
The bulk of American ginseng roots sold from North America are cultivated, but 
considerable amounts of roots are still harvested from the wild (Pierce 2002).  Although 
wild collection is prohibited in some states in the US, some states do allow wild 
collection but require ginseng diggers to obtain a permit from respective state regulatory 
agencies (Schumann and Thomas 1993, Robbins 1998).  The regulation on collecting 
American ginseng from the wild was initiated following its listing as an appendix II 
species by CITES in 1975 (Robbins 1998).  The purpose of this regulation is to ensure 
American ginseng population levels are sustained in the wild to avoid its extinction due 
to over-collection. 
   
Medicinally, P. quinquefolius and Panax ginseng (Asian ginseng) are the two 
commonly used species of the genus Panax (Kitts et al. 2000).  The two species grow in 
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different continents however they occupy similar habitats (Pritts 1995).  They are 
genetically different, have different ginsenoside profiles and exert opposite therapeutic 
properties (Sengupta et al. 2004).  P. ginseng is purpoted to have stimulant properties and 
is therefore used to energize the body, whereas P. quinquefolius is purported to have 
calming properties and thus used as an adaptogen and a mild tonic to relax the body 
(Pritts 1995; Ligor 2005).   
 
Ginsenosides are the main bioactive components in the genus Panax. .They are 
available in small quantities and are believed to be responsible for most of ginseng’s 
pharmacological actions (Attele et al. 1999).   More than 40 different ginsenosides have 
been identified in genus Panax (Teng et al. 2003).  The basic structure of ginsenosides is 
similar, consisting of a gonane steroid nucleus with 17 carbon atoms arranged in four 
rings with a modified side chain at C-20 (Shibata et al. 1985; Radad et al. 2006).  Based 
on their structural differences, ginsenosides can be classified into three groups: the 
protopanaxadiol group (e.g., Rb1, Rb2, Rb3, Rc, Rd, Rg3, Rh2, Rs1), the 
protopanaxatriol group (e.g., Re, Rf, Rg1, Rg2, Rh1), and the oleanic acid group (e.g., 
Ro) (Attele et al. 1999; Vanisree et al. 2004).  
 
The specific mechanisms of pharmacological actions of ginsenosides are yet to be 
fully elucidated, however, it has been suggested that each ginsenoside may have its own 
specific tissue-dependent effects and may act independently or in combination with 
others to produce a biological effect (Ki et al. 1998; Murphy and Lee 2002).  For instance 
ginsenosides Rg1 and Rb1 have been reported as efficient neuroprotective agents (Liao et 
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al. 2002), they promote neural growth in vitro, protect neurons against ischemic injury 
(Zou 2002; Shen and Zhang 2003), enhance learning ability by increasing hippocampal 
synaptic density (Mook-Jung 2001), and prevent memory loss by increasing the 
proliferative ability of neural progenitor cells (Wen et al. 1996; Zhang et al. 1998; Shen 
and Zhang 2003).  Ginsenoside Rb1 is also reported to have wound healing properties, as 
it mediates vascular regeneration by promoting angiogenesis via stimulation of vascular 
endothelial growth factor production (Kimura et al. 2006). 
 
Anti-cancer properties have been reported in ginsenosides Rb1, Rb2 and Rc 
because of their ability to inhibit tumor angiogenesis and metastasis (Mochizuki et al. 
1995; Chang 2003).  Ginsenoside Re has also been reported to have anti-diabetic and 
anti-hyperlipidemic properties (Attele et al. 2002; Xie et al. 2005; Cho et al. 2006).  
Despite all these research reports, use of ginsenosides has not been incorporated into 
conventional medicine, mainly due to lack of rigorous well controlled long-term clinical 
studies (Kitts and Hu 2000).  However, a significant potential exist for their future use in 
conventional medicine to treat some of the debilitating diseases such as cancer, diabetes, 
amnesia, Parkinson’s and Alzheimer’s diseases.  Nonetheless, use of ginseng as herbal 
remedy and supplement will likely continue to increase.   
 
From here forward use of the term ginseng will only be referring to American 
ginseng.  The root is the most used plant part of ginseng, and often its value and 
desirability among Asian consumers is influenced by many factors including its shape 
(Pritts 1995; Guo et al. 1995).  Ginseng root has been classified into 3–5 morphotypes.  
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Sokhansanj et al (1999) classified freshly dug roots into three morphotypes: “Pencil”, 
“chunky”, and “complex”.  A “Pencil” root resembles a carrot, it has a slender body and 
lacks major lateral roots; a “chunky” root has 3 to 4 large lateral roots giving a “human” 
shape to the root; and a “complex” root has a single central body with lateral roots giving 
a “chicken claw” or “spider” shape to the root.  Roy et al (2003) classified dried roots 
into five categories: “chunky”, “forked”, “pencil (carrot)”, “spider”, and “fiber”.  
Following this classification, a “chunky” root is described as bullet or bubble shaped; a 
“forked” root has a humanoid appearance, and a “pencil” root has a main tap root equal 
to or greater than 5 cm in length.  “Spider” roots have no distinct tap root present or if 
present is less than 2 cm in length and have several secondary and tertiary roots radiating 
from main root.  “Fiber” roots comprise of secondary and tertiary roots with diameters of 
1–2 mm or less.   
 
The classification by Roy et al (2003) is typical of that employed by wholesalers, 
who often prune and separate dried roots to attain different grades.  For example ‘fiber’ 
roots are obtained through pruning of secondary and tertiary roots off of the main roots.  
A ‘spider’ root is a very rare morphotype of ginseng and is often times regarded as a 
variant of a ‘chunky’ or ‘bullet’ root.  Therefore only three categories are truly 
representative of the common root morphotypes encountered in ginseng at the farm level; 
‘Forked’ or ‘Man-like’ (ML) – a branched root exhibiting a humanoid shape; ‘Chunky’ 
or ‘Bulb’ (BLB) – compact, round or bullet shaped root; and ‘Pencil/Carrot/Stick’ (STK) 
– slender, elongated tap root without lateral roots (Figure 3.1). 
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The underlying causes of variations in root morphotypes and consequent effects 
on ginsenoside profiles have not been extensively studied (Li 1997).  Soil texture and 
bulk density have been attributed to influencing the shape of ginseng root (Li 1997; Park 
et al. 2005; Roy et al. 2008).  It is reported that coarse textured soils provide little 
resistance to root growth especially in the seeding year resulting in less desirable STK 
shaped roots, and that roots grown in loam soil are shorter and rounder than those grown 
in sand soil (Roy et al. 2008).   Increasing bulk density (BD) has been reported to result 
in roots that are shorter, fatter, with wide mid-sections (Roy et al. 2008).  Whereas soil 
texture and BD may play a role in determining root shape, the effect of underlying 
genetics cannot be discounted given that this species has been reported to be genetically 
heterogeneous, and in the light that influence of genotype on root morphology has been 
documented on Radish (Rhapanus sativus L.) (Bai et al. 1999, Bohem et al. 1999; 
Schluter and Punja 2002; Cruse-Sanders and Hamrick 2004; Grubbs and Case 2004; 
Iwata et al. 2004; Tsuro et al. 2007). 
 
Variation in levels of total ginsenosides among ginseng roots are frequently 
reported in literature, and this has been attributed to several factors including ecotype 
(Lui and Staba 1980; Betz et al. 1984), age (Court et al. 1996; Smith et al. 1996), soil 
fertility and environmental conditions (Li et al. 1996; Li and Mazza 1999), population 
and genotype (Assinewe et al. 2003; Lim et al. 2005; Schlag and McIntosh 2006).  Also 
variations in individual ginsenosides have been observed within and among populations, 
and these variations have been attributed to genotype variability (Lim et al. 2005; Schlag 
and McIntosh 2006).  Rg1, Re, and Rb1 are often the most abundant saponins in 
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American ginseng root and therefore have been extensively investigated for their 
medicinal properties (Murphy and Lee 2002).  Recently it has been noted that 
ginsenosides Rg1 and Re are inversely related in ginseng, and variation in their profiles is 
evident even within a single population (Lim et al. 2005; Schlag and McIntosh 2006).  
The term chemotype has been used to describe the inverse relationship between Rg1 and 
Re ginsenosides (Schlag and McIntosh 2006).  Roots with low Rg1 but high Re content 
are described as “low Rg1/high Re chemotype” – which is commonly observed in 
American ginseng, whereas roots with high Rg1 but low Re content are described as 
“high Rg1/low Re chemotype” – which is rarely observed.   
 
Despite numerous reports on ginsenoside content and profiles in ginseng root, 
there has been less focus on relative abundance of individual ginsenosides among 
different root morphotypes.  There are no known cultivars of ginseng (Schluter and Punja 
2002), and this has been largely attributed to general lack of breeding direction for 
medicinal plants (Hong et al. 2005).  Long held biased consumer preference for different 
root morphotypes coupled with research findings about pharmacological properties of 
individual ginsenosides will help set breeding targets for ginseng.  In this study the 
influence of underlying genotypes on root morphotype was assessed, and frequency 
distribution of the three morphotypes (ML, BLB, and STK) among ginseng population 
was tabulated.  Also the contents of six main ginensosides (Rg1, Re, Rb1, Rc, Rb2, and 
Rd) among the three root mophotypes were compared, with particular attention drawn to 
variations of Rg1, Re and Rb1 ginsenosides profiles.  Lastly, potential economic 
implication for the grower who may opt to sort out his mixed batch of harvested roots to 
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different morphotypes before selling as a way to leverage return for his crop was 
evaluated.   
 
Materials and Methods 
 
Greenhouse study – Stratified seeds were purchased from multiple sources (growers), 
and on June 2009, they were planted in the greenhouse in a regular Sunshine mix 1 
growing medium (SUNGRO Horticulture, Seba Beach, Canada).  The plants were grown 
under shade utilizing 55% shade cloth and were watered once daily.  After three months 
the roots were harvested, cleaned and sorted into different morphotypes.  Frequency 
distribution of the three morphotypes was calculated.  
 
Plant materials for ginsenoside analysis – Fresh roots aged 4, 8 and 10 years from 
woods cultivated American ginseng were collected from a single farm in western 
Maryland.  These roots were grown under similar environmental conditions in raised soil 
beds of similar soil composition.  Root ages were provided by the grower and were 
confirmed in our laboratory by counting the scars on the rhizome which typically 
indicates the root’s age.  From each age group, roots were separated into three distinct 
morphotypes (ML, BLB, and STK) and frequency distribution of each morphotype was 
calculated.  The roots were then washed under running tap water, blotted dry with paper 
towels, and placed in individual paper bags.  The roots were freeze dried for 72 hrs and 
then ground into a fine powder to pass through 1 mm mesh in a Thomas ® model 4 
Wiley mill (Thomas Scientific, Swedensboro, NJ).  Between each sample the mill was 
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thoroughly cleaned to eliminate cross contamination between samples.  Ground samples 
were stored at room temperature until needed for ginsenoside extraction. 
 
Chemicals – All solvents were of high-performance liquid chromatography (HPLC) 
grade and were purchased from Fisher Scientific (Pittsburgh, PA).  The water used for 
extraction and HPLC analysis was ultra purified by Milli-Q® water purification system, 
(Millipore, Billerica, MA).  Ginsenoside standards kit containing 5 mg each of Rb1, Rb2, 
Rc, Rd, Re, and Rg1 (purity > 99%) was purchased from Indofine Chemical Company, 
Inc. (Hillsborough, NJ).  All solvents were filtered through a 0.45 µm Autovial® PVDF 
membrane filters (Whatman, Inc., Clifton, NJ) before use. 
 
Supplies – 0.45µm filter Centrifuge tubes (Spin-X® 8162, Corning Inc., Corning, NY) 
and 10 ml glass vials were purchased from Fisher Scientific (Pittsburg, PA), 300 µl 
Polyvials with caps were purchased from Waters, Inc. (Milford, MA).  
 
Extraction of ginsenosides – Our extraction method was based on that of Schlag and 
McIntosh (2005) with some modifications.  One hundred milligrams of root powder was 
transferred into 10 ml glass vials with vented cap, and 5 ml of 80% MeOH was added, 
briefly mixed by vortexing and the mixture was incubated in a water bath at 70oC with 
constant sonication for 1 hr.  Thereafter, the vials were centrifuged for 5 minutes at 2000 
rcf using a Mistral 3000i centrifuge (Curtin Matheson Scientific, Inc., Houston, TX), and 
the supernatant was transferred into clean tubes.  The residues were re-extracted once and 
the supernatants from both extractions were combined and reduced to dryness under a 
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stream of N2 at 38oC, and then re-suspended in 2 ml solvent of 20:20:60 (MeOH: ACN: 
H2O).  The concentrated extracts were filtered through 0.45 µm membrane filters into 
clean 2 ml polypropylene tubes (Spin-X® 8162, Corning Inc., Corning, NY) and stored at 
4oC until HPLC analysis (< 24 hrs).  All root extractions were done in triplicates.  
 
HPLC instrumentation and analysis – The HPLC system used was a Waters model 
2695 Alliance separation module (Milford, MA) equipped with a PDA detector (Waters 
996 PDA), an in-line degasser, an auto sampler, and Waters Millennium 32 software.  
The separation was carried out in Atlantis® T3 column (5µm, 250 x 4.6 mm) with 
Atlantis® T3 guard cartridge (5µm, 4.6 x 20 mm) (Waters, Inc., Milford, MA).  The UV 
spectrum for ginsenosides was recorded at 203 nm.  For HPLC analysis, a 20 µl sample 
or standard was injected into the column and eluted at room temperature at a constant 
flow rate of 1.2 ml/min.  The mobile phase used for separation consisted of solvent A 
(100% water), and solvent B (100% acetonitrile).  A mobile phase gradient was based on 
that of Wang et al (2006) with slight modifications:  From 0 – 20 min, 80% A and 20% 
B; from 20 – 29 min, 74% A and 26% B; from 29 – 43 min, 66% A and 34% B; from 43 
– 47 min, 64% A and 36% B; from 47 – 54 min, 57% A and 43% B.   
 
Serial concentration dilutions were made for individual standards and were 
injected into HPLC, and corresponding peak areas for each standard concentration were 
used to make standard curves (peak areas were averages of three runs per standard 
concentration).  The standards were prepared using the same solvent as samples.  All six 
ginsenoside standards were combined and 20 µl of the mixture was injected to obtain 
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retention times for respective ginsenosides.  Presence of individual ginsenosides in each 
sample was confirmed by presence of peaks at retention times corresponding to those 
obtained from mixed standards.   Repeatability was determined by injecting samples 
thrice per day (intraday variability) with samples ordered randomly in each run, whereas  
precision of measurement was determined by analyzing samples on three different days 
(interday variability) with relative standard deviation of < 5% of retention time 
determined as acceptable measurement variability attributable to instrument drift.  
Individual ginsenoside content in each sample were calculated using their respective 
standard curves (r2 > 0.99). 
 
Experimental design and statistical analysis of ginsenosides – The experiment was 
designed as a randomized complete block.  The experimental unit was an entire root.  
Since the roots were of different ages, blocking was used to reduce age effects since past 
research has demonstrated that age has a significant effect on ginsenosides content (Tani 
et al. 1981; Court et al. 1996).  There were nine replicates for each morphotype in 4 and 8 
year old roots, and six replicates for each morphotype in 10 year old roots.  Our sample 
size was limited by the difficulty of obtaining the three distinct root morphotypes of equal 
age in the same population in order to ensure a more uniform comparison.  Statistical 
analysis was done using the GLM procedure in SAS (SAS Institute, Inc., Cary, NC).  
When the dependent variable (individual or total ginsenoside) was significant at α = 0.05, 
Tukey’s multiple comparison test was used to ascertain the differences. 
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Results and Discussion 
 
Greenhouse study – After just three months of growth, harvested root showed distinct 
morphotypes typical of those exhibited by older roots (Figure 3.1).  Given that the 
growing medium was of uniform composition, devoid of any hard objects that may alter 
growth patterns of the roots and was of uniform bulk density, the variation of root 
morphotypes then would be attributed to underlying genetics.  The relative abundance of 
morphotypes was 16% ML, 24% BLB, and 60% STK (n=353).  Similar frequency 
distributions of morphotypes were observed in roots sampled from 8 year old field grown 
ginseng: 14% ML, 20% BLB, and 66% STK (n=102). 
 
Chromatograms and ginsenosides content – Representative chromatograms of samples 
and standards are shown in Figure 3.2.  All six ginsenosides were present in all root 
samples that were analyzed.  Roots showed two distinct Rg1/Re profiles (low Rg1/ high 
Re, and high Rg1/low Re) (Figure 3.2).  These profiles were not exclusive to any root 
morphotype, however, low Rg1/high Re profile was consistently exhibited by ML 
morphotypes, whereas BLB and STK morphotypes exhibited both profiles (Figure 3.3).  
The proportion of roots with low Rg1/high Re profile was 50 and 62.5% in BLB and 
STK morphotypes respectively. There was no correlation between age and Rg1 or Re 
concentration across all morphotypes (Figure 3.3), but concentration of ginsenoside Rb1 
mostly increased with age (Figure 3.4), and was positively correlated with total 
ginsenosides (Figure 3.6).  
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Total ginsenoside content (sum of six quantified ginsenosides) ranged from 0.94 – 
3.47% w/w for ML morphotypes, 1.12 – 2.55% w/w for BLB morphotypes, and 1.37 – 
2.65% w/w for STK morphotypes.  There was a gradual increase in total ginsenoside with 
age independent of morphotype except for STK morphotype where 4 and 8 year old roots 
had almost equal amount of total ginsenosides despite the age difference (Figure 3.5).  
This observation that ginsenoside content increases with age is consistent with other 
published reports (Tani et al. 1981; Court et al. 1996; Smith et al.1996) and further 
reaffirms the widely accepted practice of harvesting older roots since they have more 
ginsenosides content than younger roots (< 4 years) and therefore regarded to be more 
potent.   
 
Comparisons between root morphotypes of same age showed that total 
ginsenoside content was significantly higher in 10 year old roots of ML morphotype than 
those of BLB and STK morphotypes (Figure 3.5).  In 8 year old roots there was no 
significant difference in total ginsenoside content except for roots of STK morphotype, 
whereas in 4 year old roots there was no significant difference in total ginsenoside across 
morphotypes (Figure 3.5).  Comparison of individual ginsenoside content among root 
morphotypes showed significant differences on levels of Rg1, Re, and Rb1 ginsenosides 
but not on those of Rc, Rb2, and Rd ginsenosides (Figure 3.6).  The most abundant 
ginsenoside of protopanaxadiol group in all morphotypes was Rb1, which accounted for 
51.60, 51.08, and 45.25% of the total ginsenoside contents in ML, BLB and STK 
morphotypes respectively (Table 3.1).  These results agree with other previous published 
reports on field grown and in vitro transformed P. quinquefolius roots (Li et al. 1996; 
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Mallol et al 2001; Schlag and McIntosh 2006).  Rb2 was the least abundant ginsenoside 
of the protopanaxadiol group accounting for 1.83, 2.69, and 3.91% of total ginsenoside 
contents in ML, BLB, and STK morphotypes respectively (Table 3.1).   
 
Ginsenosides of the protopanaxatriol group (Rg1 and Re) were inversely related 
in all three morphotypes (Figure 3.3), and Re was the main ginsenoside of this group 
constituting 29.68, 18.82, and 22.91% of the total ginsenosides content in ML, BLB, and 
STK morphotypes respectively (Table 3.1), which is in accordance with previous studies 
(Lim et al. 2005; Schlag and McIntosh 2006).  Rg1 and Re accounted for 2.74 and 
29.68% of total ginsenoside respectively in ML morphotype, 11.83 and 18.83% in BLB 
morphotype, and 10.06 and 22.91% in STK morphotype (Table 3.1).  The most notable 
finding from this study was that relative abundance of Rg1 was low in roots of ML 
morphotypes (2.74%); almost five fold less compared to that in roots of BLB or STK 
morphotypes.  In a sharp contrast, Re content was significantly higher in ML roots than 
in BLB or STK roots, with a fold difference in content of 1.3 over BLB roots and 1.5 
over STK roots (Table 3.1).   
 
Ginsenoside Re is formed after enzymatic addition of two rhamnose residues to 
Rg1 (Gubar et al. 1997). In this study, comparisons of Re and Rg1 contents across root 
morphotypes showed that the ratios of Re/Rg1 ginsenosides were 10, 1.5, and 2.3 in ML, 
BLB, and STK roots respectively.  Based on these ratios it can be inferred that the 
enzymatic activities involved in adding sugar molecules on Rg1 to form Re may be 
higher in ML roots than in BLB or STK roots.  However, further studies on enzymatic 
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activity among root morphotypes will need to be conducted to confirm this hypothesis 
and determine if that activity is genetically predisposed.  
 
Overall, roots of ML morphotypes had significantly higher total ginsenosides 
(adjusted mean, 2.19 ± 0.07% w/w) than those of BLB morphotype (1.86 ± 0.07% w/w) 
or STK morphotype (1.79 ± 0.07% w/w), however there was no significant difference in 
total ginsenosides content between roots of BLB and STK morphotypes (Figure 3.6).  
Ginsenosides are reported to be located in the periderm and cortex regions of the root 
(Tani et al. 1981).  Given that previous studies have reported that ginseng root hairs 
contain high ginsenosides content than main roots (Tani et al. 1981; Christensen et al. 
2006), then the significantly higher total ginsenoside content in ML roots could be due to 
the more abundance of root hairs and lateral roots in this morphotype than in the other 
morphotypes.  However, this could also be due to underlying genetics, given the 
substantial genetic variability of this species.  
 
Ginsenoside contents of roots analyzed in this study were relatively lower 
compared to those previously reported (3 – 6% w/w) for cultivated P. quinquefolius in 
North America (Court et al. 1996; Li et al. 1996; Assinewe et al. 2003).  However, this 
results are consistent with those reported for Maryland populations (2.3% w/w) (Schlag 
and McIntosh 2006), and New York populations (2.5 % w/w) (Lim et al. 2005) for the 
same age range (4 – 10 yrs).  Variability in ginsenoside content is expected for P. 
quinquefolius given that this species is genetically heterogeneous and naturally grows in a 
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broad geographic region with distinctly different ecological conditions (Bai et al. 1997; 
Boehm et al. 1999; Assinewe et al. 2002). 
 
Economic analysis – Biased quality assessment and pricing of ginseng in the market 
based on root morphotype has significant implications on ginseng returns.  Therefore the 
expected economic return from growing and marketing of select root morphotypes 
potentially could guide cultivation and marketing decisions for a ginseng grower.  A 
simple economic analysis was carried out to evaluate potential economic implications of 
sorting roots into respective morphotypes after harvest as a way to increase returns for the 
grower.  The analysis calculations are based on estimates of root yield per acre and 
frequency distribution of each root morphotype in a mixed batch (MXD) based on their 
respective mean frequency distributions as observed from both the greenhouse study and 
field tabulations (15% ML, 22% BLB, and 63% STK).  Using total ginsenosides as a 
criterion for quality, returns due to sorting has been assessed at two different price 
premium mark ups (5% and 30%) for ML roots over the average price for a pound of 
mixed root morphotypes ($60) of woods cultivated ginseng.    
 
Yield of roots per acre based on different planting densities is shown in Table 3.2.  
The yield calculations are based on planting density of 6 x 6 inches which was utilized on 
the farm where roots samples were collected.  Under these specifications number of roots 
per acre will be 238,032 after assuming a 20% root loss (Table 3.2).  Root weight yields 
per acre for MXD root morphotype batch (current sale system) and sorting to different 
morphotypes (for value addition) are shown in Table 3.3.  Estimated gross value per acre 
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of production under current selling system (MXD) is $ 238,967 (Table 3.3), and returns 
from sorting roots to different morphotypes (value addition) before selling after factoring 
in sorting cost ($ 1,000 per acre) with 5% and 30% price premium mark up for ML roots 
will be $ 2,112 and $ 17,672 respectively (Table 3.3).  However if labor cost for sorting 
rises, the returns from 5% price mark up for ML morphotype over MXD will break even 
if sorting labor cost reaches $3,112 per acre.  Sorting roots to respective morphotypes in 
spite of increasing the premium of ML morphotype, will more likely lower the value of 
BLB and STK roots.  If that occurs, then sorting will not result in any increase in revenue 
return even at the lowest sorting labor cost.  However, in future, if breeding efforts will 
yield cultivars of a desirable morphotype (ML), then revenue returns from growing high 
quality cultivars (ML morphotype) could be substantial (Table 3.4). 
 
Conclusions 
 
In this study, it has been demonstrated that variation in root morphotypes of ginseng is 
possibly influenced by underlying genotype.  Majority of roots in ginseng population are 
of STK morphotype, whereas ML morphotype has the lowest occurrence.  The presented 
results have shown that roots of ML morphotype have higher total ginsenoside content 
than roots of BLB or STK morphotypes, but there is no significant difference in total 
ginsenoside content between BLB and STK roots.  Using total ginsenoside as a criterion 
for assessing quality of roots, then roots of ML morphotypes would be regarded to be of 
higher quality than those of BLB or STK morphotypes.  With regard to major 
ginsenosides, the concentrations of Re and Rb1 are higher in roots of ML morphotype 
compared to those of BLB and STK morphotypes, however Rg1 is lowest in roots of ML 
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morphotype.  This research has shown that the ML morphotype predominantly exhibit 
low Rg1/high Re profile, whereas BLB and STK morphotypes exhibit both low Rg1/high 
Re, and high Rg1/low Re profiles. 
 
Currently there are no cultivars for American ginseng (Schluter and Punja 2002), 
mainly due to lack of breeding direction for medicinal plants in general (Hong et al 
2005).  However with studies reporting various pharmacological activities of individual 
ginsenosides, coupled with reports on variation of ginsenoside profiles and concentration 
among specific roots morphotypes, there are potential breeding targets for American 
ginseng.  For example Re is reported to be very effective against diabetes and lowering 
cholesterol (Attele et al. 2002; Xie et al. 2005; Cho et al. 2006), therefore cultivars with 
high Re levels (ML roots) could be desirable.  On the other hand, Rg1 is reported to have 
neuroprotective properties (Liao et al. 2002), so cultivars with high concentration of Rg1 
(BLB and STK morphotypes) could be targeted.   
 
Estimates from the economic analysis show that under the current production 
system (no selected cultivars), sorting roots to different morphotypes as a strategy to 
leverage returns will result in revenue increase, however the level of return due to sorting 
will be dependent upon the cost of sorting and price premium mark up the grower will 
assign to high quality roots.  Looking forward, the prospects for improving returns are 
substantial for American ginseng if cultivars become available.  
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Figure 3.1. Different root morphotypes of Panax quinquefolius. A through C; 3 month 
old roots grown in regular Sunshine mix in a greenhouse: A) STK morphotype; B) BLB 
morphotype; C) ML morphotype; D) 8 year old woods cultivated roots showing all three 
morphotypes, left to right; STK, BLB and ML morphotypes respectively. The scale bar in 
C applies to all 3 month old roots. 
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Figure 3.2. HPLC chromatograms of six ginsenosides in P. quinquefolius root samples: 
A) mixed standard solution; B) chromatograms showing high Rg1/low Re profile; C) low 
Rg1/high Re profile in root samples. Ginsenoside peaks; 1 (Rg1), 2(Re), 3(Rb1), 4(Rc), 
5(Rb2), and 6(Rd).  
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Figure 3.3.  Profiles of ginsenoside Rg1 and Re in roots of P. quinquefolius of three 
different ages and morphotypes. 
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Figure 3.4.  Concentration of ginsenoside Rb1 in roots of P. quinquefolius of three 
different ages and morphotypes. 
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Figure 3.5.  Comparison of total ginsenoside concentration (% w/w) of P. quinquefolius 
roots by age and morphotype. Mean concentrations accompanied by same letter are not 
significantly different at α = 0.05 following Tukey’s multiple comparison test. 
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Figure 3.6. Concentration (Adjusted means ± SEM) of six individual and total 
ginsenosides of different morphotypes of P. quinquefolius roots. Mean concentrations of 
individual and total ginsenosides accompanied by same letter are not significantly 
different among morphotypes at α = 0.05 following Tukey’s multiple comparison test. 
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Table 3.1. Relative abundance of individual ginsenosides to total content by root 
morphotype. 
 
Root                       Individual ginsenosides %  of total* 
Morphotype             Rg1 Re Rb1 Rc Rb2 Rd 
       
ML                             2.74 29.68 51.60   9.13 1.83 5.02 
BLB                         11.83 18.82 51.08 10.75 2.69 4.84 
STK                         10.06 22.91 45.25 12.85 3.91 5.03 
 
*
 Sum of the six ginsenosides quantified in this study (Rg1, Re, Rb1, Rc, Rb2, Rd) 
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Table 3.2. Root yield per acre of P. quinquefolius under different planting densities 
 
Spacing in 
inches * 
Plants per 
sq. foot
Plants per 
acre
Plants per acre
Assuming 20% root loss
Root weight 
response
1” x 6” 24 793,440 634,752
3” x 6” 12 396,720 317,376
6” x 6” 9 297,540 238,032
9” x 6” 6 198,360 158,688
Increases
* Adapted from Persons (1994)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 113 
 
 
Table 3.3. Projected returns from sorting of roots to different morphotypes at farm level prior to selling under current P. quinquefolius 
cultivation system (no cultivars). 
 
Root 
types 
proportion  
(% ) of total 
roots/acre* 
No. of roots 
per acre 
Roots per 
pound 
Pounds per 
acre 
Premium per 
pound ($)** 
Gross returns per acre 
($) after 8 years 
Gross returns per acre 
($) after 8 years 
5% 30% 5% 30% 5% 30% 
ML 15 35,705 34 1,037 63 78 65,352 80,911 65,352 80,911
BLB 22 52,367 63 828 60 60 49,691 49,691 49,691 49,691
STK 63 149,960 71 2,117 60 60 127,037 127,037 127,037 127,037
Gross returns from sorting (total of ML, BLB, STK) 242,079 257,639 242,079 257,639
Less sorting labor ¥ 1,000 1,000 3,112# 3,112
Net return ɸ 241,079 256,639 238,967 254,527
MXD   3983 60 60 238,967 238,967 238,967 238,967
Value added return from sorting (over MXD) 2,112 17,672 0 15,560
 
 
* Based on frequency distribution of morphotypes in our sample 
** Price based on market price range for cultivated ginseng ($30 – $120) (Cheng and Mitchell 2009) with a 5% or 30 % premium 
mark up for ML morphotype based on its quality (high ginsenoside content). Price varies with age, production system, and market. 
¥
 Sorting labor based on cost for picking berries per acre (grower’s estimates) 
ɸ
 Returns only accounts for sorting costs. All other production costs up to harvesting are not included  
#
 Sorting labor cost to break even at 5% premium mark up for ML roots 
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Table 3.4. Projected returns of cultivating select cultivar of P. quinquefolius. 
 
Root 
types 
Ave. dry wt 
per root (g)* 
No. of roots 
per pound 
Pounds per 
acre § 
Price per pound 
($)** 
Gross returns per acre ($) 
after 8 years ɸ 
%  return over MXD 
5% 30% 5% 30% 5% 30% 
ML 13.19 34 6, 916 63 78 435, 708 539, 410 82 126 
BLB 7.18 63 3, 764 60 60 225, 868 225, 868 - 5 - 5 
STK 6.41 71 3, 361 60 60 201, 646 201, 646 - 16 - 16 
MXD   3, 983 60 60 238, 967 238, 967   
 
*Weight is for 8 year old root grown at 6” x 6” planting density 
§
 Based on number of roots produced per acre (238,032) 
**Price based on market price range for cultivated ginseng ($30 – $120) (Cheng and Mitchell 2009) with a 5% or 30 % premium mark 
up for ML morphotype based on its quality (high ginsenoside content). Price varies with age, production system, and market.  
ɸAll other production costs up to harvesting are not included  
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CHAPTER 4 
 
Growth characteristics and ginsenosides production of in vitro tissues of       
American ginseng (Panax quinquefolius L.) 
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Abstract 
 
In vitro propagation of three root morphotypes (BLB, ML, STK; herein referred as lines) 
of Panax quinquefolius exhibited varied callus induction response and ginsenoside 
production on solidified MS medium supplemented with 1.0 mg l-1 2,4-D and 0.1 mg l-1 
kinetin.   Explants from ML line induced callus the fastest, were prolific in growth and 
accumulated more biomass compared to explants from other lines.  Ginsenoside analysis 
of the stock roots and their respective callus tissues indicated that ML line had the highest 
ginsenosides content followed by BLB and STK lines.  Comparisons between total 
ginsenoside content of stock roots and callus dry weight, and that between total 
ginsenoside contents of stock roots and callus tissues showed positive and highly 
significant correlations.  Ginsenoside profiles of stock roots varied among lines.  ML 
lines exhibited low Rg1/high Re profiles exclusively, whereas BLB and STK lines 
exhibited both low Rg1/high Re and high Rg1/low Re profiles.  RAPD analysis of 
genomic DNA of stock roots showed polymorphism within and among lines, and when 
genetic diversity of stock roots and their total ginsenosides content were compared some 
relationship was revealed, however a link between a particular DNA band or banding 
patterns and specific ginsenosides profiles or abundance was not apparent.  Genetic 
diversity, varied in vitro response, differences in ginsenosides profiles and abundance 
among ginseng lines presented in this study could be useful in progressing breeding 
efforts of ginseng and in vitro production of its bioactive components.   
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Introduction 
 
Panax quinquefolius L., commonly referred to as American ginseng, is a perennial herb 
that is native to eastern deciduous woodlands of North America (Catling et al. 1994).  For 
many years it has been cultivated in several regions in the USA and Canada for its highly 
valued root (Pritts 1995).  American ginseng root is renowned for its calming properties, 
therefore used to reduce stress, lower blood pressure and boost the body’s immunity 
(Vuksan et al. 2001).  The pharmacological properties of ginseng are attributed to a group 
of secondary metabolites called ginsenosides (Attele et al. 1999).  Besides of their use as 
therapeutic agents, ginsenosides are also marketed as dietary supplements and are often 
included as active ingredients in health foods and energy drinks (Shen et al. 2003; Qu et 
al. 2009).  
 
For several years, the source of American ginseng root has been from the wild; 
however reports have indicated that its abundance in the wild is rapidly declining due to 
over collection, habitat degradation and fragmentation (Nantel et al. 1996; Robbins 
1998).  Efforts to cultivate ginseng are increasing lately as a response to increasing 
demand from rapidly expanding pharmaceutical and beverage industries, however field 
cultivation is labor intensive and time consuming due to the slow-growing nature of this 
plant (Proctor 1996).  It takes 5–7 years from seedling to the final marketable root size, 
and during that time a lot of care must be given to plants since plant growth is exposed to 
various pathogens and pests (Proctor 1996).   In addition, there are no improved cultivars 
of P. quinquefolius (Schluter and Punja 2002) even though several studies have 
documented that this plant is genetically diverse (Bai et al. 1996; Boehm et al. 1999; 
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Schluter and Punja 2002; Cruse-Sanders and Hamrick 2004, Grubbs and Case 2004), 
shows considerable variation in its ginsenoside contents and profiles (Assinewe et al. 
2003; Lim et al. 2005; Schlag and McIntosh 2006), and its root displays varied shapes 
which considerably influence its value and desirability among consumers (Roy et al. 
2003; 2008). 
 
To circumvent the problems associated with traditional cultivation, researchers 
have attempted to produce the bioactive components of ginseng using in vitro cultures 
(Wu and Zhong 1999).  With in vitro culture, production is more controllable with regard 
to quality and quantity, since cell lines with desirable productivity can be selected (Wu 
and Zhong 1999).  Since the first report on in vitro culture of P. quinquefolius by Jhang et 
al. (1974), there has been only few reports on tissue culture of P. quinquefolius compared 
to numerous publications on other species of genus Panax such as P. ginseng and P. 
notoginseng.  The few reports on P. quinquefolius tissue culture have basically focused 
on optimizing in vitro conditions either for cell growth and ginsenoside production by 
suspension cultures or plantlet regeneration through somatic embryogenesis (Wang 1990; 
Mathur et al. 1994; Zhong et al. 1996; Tirajoh et al. 1998; Wang et al. 1999; Punja et al. 
2004; Zhou and Brown 2005).  Even though ginsenoside production in vitro has been 
successful for genus Panax, fluctuation of ginsenoside content is often reported (Wu and 
Zhong 1999).  Variability of ginsenoside production in vitro has been attributed to use of 
different plant growth hormone combinations and concentrations (Zhong et al. 1996), 
however influence of genotype, which can be remarkable, has not been extensively 
studied in P. quinquefolius. 
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It has been reported that explants from Azadirachta indica A. Juss (neem) plants 
with high and low azadirachtin-A (secondary metabolite) content displayed varied 
response to callus induction and subsequent accumulation of secondary metabolites in 
vitro (Kota et al. 2006).  From a previous study on phytochemical content among 
different root morphotypes commonly encountered in ginseng (chapter 3), it was reported 
that roots of “man-like’ (ML) morphotype contained high amount of ginsenoside content 
compared to those of “bulb or round” (BLB) and “straight or stick” (STK) morphotypes.  
In this study, the objectives were to: 1) evaluate how explants from the three ginseng 
morphotypes (hereafter referred to as ginseng lines) respond to callus induction and 
growth in vitro; 2) compare ginsenosides contents and profiles between stock plants and 
their subsequent callus tissues developed in vitro; and 3) assess genetic diversity among 
stock plants of the three ginseng lines.  
 
Materials and Methods  
 
Plant materials – Four year old roots of different ginseng lines were collected from a 
commercial ginseng farm in West Virginia and transplanted to raised beds of sandy loam 
soils at the experimental plot at West Virginia University Agronomy farm and the plants 
were left to grow for two years before they were used as explant sources for in vitro 
culturing.  Upon harvesting roots for in vitro culture, leaf samples from donor plants were 
collected and frozen in liquid nitrogen then stored at - 80◦C for later use in DNA 
extraction and subsequent genetic analysis using RAPD markers.  Selected roots were 
rinsed with tap water, and half of each root was cut and set aside for ginsenoside analysis, 
and the other half was used for explants materials for in vitro studies.    
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Explant preparation and tissue culture – Roots were surface sterilized by immersing in 
70% ethanol for 1 min, followed by soaking in 10% bleach with Tween® 20 
(polyoxyethlenesorbitan monolaurate; PhytoTechnology Laboratories; Shawnee Mission, 
KS, USA) for 15 min with constant agitation, and finally rinsing three times in sterile 
distilled water.  The culture medium was MS (Murashige and Skoog 1962) supplemented 
with 30 g l-1 sucrose, 2 ml l-1 PPM™ (Plant Preservation Mixture; Plant cell Technology, 
Washington, DC, USA), 1.0 mg l-1 2, 4-D (Product no. D299; PhytoTechnology 
Laboratories; Shawnee Mission, KS, USA), 0.1 mg l-1 kinetin (Product no. K750; 
PhytoTechnology Laboratories; Shawnee Mission, KS, USA) and 8 g l-1 agar (Product 
no. A111; PhytoTechnology Laboratories; Shawnee Mission, KS, USA).  The pH of the 
medium was adjusted to 5.8 using either 1N NaOH or HCl prior to adding agar and 
autoclaving (121◦C and 105 kPa for 20 min).  The explants were excised from each root 
stock using a stainless steel cylindrical core borer (6 mm inside diameter), and were cut 
into small discs of equal sizes measuring 6 mm thick and 6 mm wide.  The explants discs 
were transferred into 25x150 mm borosilicate glass culture tubes containing 20 ml of 
sterilized culture medium and capped with autoclavable Kim Kap® plastic caps (Kimble 
Glass, Inc; Toledo, OH, USA).  Explants were cultured in the dark for 12 wks at a 
temperature of 24 ± 1◦C and were transferred to fresh medium every 4 wks.  For each 
ginseng line there were six biological replicates with five explants in each replicate.  
 
In vitro data collection and analysis – Callus formation data including average number 
of days it took explants in each line to induce callus, and percentages of explants with 
callus cells in each line at 14, 21, and 28 days were collected.  Dry weight of callus tissue 
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for each replicate explant disc of each biological root replicate was determined at the end 
of the experiment (12 wks) and averaged for each line.  Growth rate of callus tissues for 
each line was computed as follows:  
 
Growth rate = (Final – Initial) explant dry weight   x 100 
                    Initial explant dry weight 
 
Final dry weights of callus tissue among ginseng lines were analyzed using one-way 
analysis of variance in MINITAB release 13.20 (MINITAB, State College, PA, USA). 
 
DNA extraction – Approximately 20 mg of leaf material was placed in 1.5 ml micro 
centrifuge tube and ground with a sterile disposable plastic pestle (Fisher Scientific, 
Pittsburgh, PA, USA).  DNA extraction was done using a GenElute Plant Genomic DNA 
Mini Prep Kit (Catalog no. G2N70, Sigma-Aldrich, St. Louis, MO, USA) following the 
manufacturer’s instructions.  Quality of isolated genomic DNA was assessed by running 
10 µl of DNA template through 1.5% agarose gel in 0.5x TBE buffer (Tris-base, Boric 
acid, and EDTA).  Gels were stained with ethidium bromide (EtBr), then visualized on 
electronic UV transilluminator (ULTRA-LŪM, Inc., Claremont, CA, USA) and digitally 
photographed with Canon Powershot G6 camera (Canon USA, Inc.).  A single high 
molecular genomic DNA band devoid of a smear indicated intact high quality genomic 
DNA suitable for subsequent RAPD analysis.  For each sample, isolated genomic DNA 
was quantified and diluted to 20 ng/µl with milliQ water and stored at -20oC until when 
needed for RAPD analysis. 
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RAPD analysis and DNA electrophoresis – Eight decamer primers that were successful 
for RAPD analysis in chapter 2 were used for PCR amplification of ginseng lines in this 
study.  PCR amplifications were conducted using  HotStarTaq® Master Mix Kit ( Catalog 
no. 203443, Qiagen®, Germantown, MD, USA) with each 25 µl reaction mixture 
containing: 12.5 µl Hotstart mix, 11 µl of RNase free H2O, 0.5 µl of primer (0.2 µM) , 
and 1 µl  of DNA template (~20 ng).  All amplifications were done on a single thermo 
cycler (GeneAmp® PCR System 9700, Applied Biosystems) with PCR thermocycling 
based on Schluter and Punja (2002) protocol with some modifications.  The initial PCR 
cycle included heating the reaction mixture for 15 min at 94oC to activate the HotStarTaq 
DNA polymerase, as recommended by the manufacture, then 10 min at 36oC, and 2 min 
at 72oC.  Subsequent 46 cycles included denaturation at 94oC for 30 s, annealing at 36oC 
for 1 min, and elongation at 72oC for 1 min.  In the final cycle primer elongation at 72oC 
was extended for 10 min.  Ten micro litres of amplified mix was loaded into 1.5% 
agarose gels alongside 1 kb DNA ladder (Promega, Madison, WI, USA) and separated 
electrophoretically in 0.5x TBE buffer at 105 V for 40 min.  Gels were stained with EtBr, 
visualized with electronic UV transilluminator, and digitally photographed with Canon 
Powershot G6 camera (Canon USA, Inc.).  
 
Data analysis – RAPD amplification profiles of each primer for all ginseng lines were 
scored by visual observation of gel pictures.  The DNA bands were scored as present (1) 
or absent (0) at each position.  Monomorphic bands across all samples and bands below 
250 bp or above 3000 bp were omitted from further analysis.  From the RAPD data, Nei’s 
(1978) unbiased distances matrix was calculated to estimate the pair-wise distances 
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among individual roots and among ginseng lines.  A cluster analysis was done using 
Unweighted pair group method (UPGMA) based on Nei’s coefficient to generate 
dendrograms displaying genetic relationship within and among ginseng lines using 
TFPGA software program (Miller 1998) with 1000 bootstraps.  
 
Ginsenoside extraction – Ginsenosides were extracted following the method of Schlag 
and McIntosh (2006) with slight modifications.  Fifty milligrams of root or callus powder 
was transferred into 10 ml glass vials with vented cap, and 5 ml of 80% MeOH was 
added, briefly mixed by vortexing and the mixture was incubated in a water bath at 70oC 
with constant sonication for 1 hr.  Thereafter, the vials were centrifuged for 5 minutes at 
2000 rcf using a Mistral 3000i centrifuge (Curtin Matheson Scientific, Inc., Houston, TX, 
USA), and the supernatant was transferred into clean tubes.  The residues were re-
extracted once and the supernatants from both extractions were combined and reduced to 
dryness under a stream of N2 at 38oC, and then re-suspended in 2 ml solvent of 20:20:60 
(MeOH: ACN: H2O).  The concentrated extracts were filtered through a 0.45 µm 
membrane filters into clean 2 ml polypropylene tubes (Spin-x®8162; Corning Inc. 
Corning, NY, USA) and stored at 4oC until HPLC analysis (< 24 hrs).   
 
HPLC analysis – The HPLC system used was a Waters model 626 separation module 
(Milford, MA, USA) equipped with a Tunable Absorbance Detector (Waters 486), an 
auto sampler (Waters 717 plus), and Waters Empower software.  The separation was 
carried out in Atlantis® T3 column (5 µm, 250 x 4.6 mm) with Atlantis® T3 guard 
cartridge (5 µm, 4.6 x 20 mm), Waters, Inc. (Milford, MA, USA).  The UV spectra for 
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ginsenosides were recorded at 203 nm.  For HPLC analysis, a 20 µl sample or standard 
was injected into the column and eluted at room temperature at a constant flow rate of 1.2 
ml/min.  The mobile phase used for separation consisted of solvent A (100% water), and 
solvent B (100% acetonitrile).  A mobile phase gradient was based on that of Wang et al 
(2006) with slight modifications to ensure good separation of peaks with our HPLC 
system:  From 0 – 20  min, 80% A and 20% B; from 20 – 29  min, 74% A and 26% B; 
from 29 – 43  min, 66% A and 34% B; from 43 – 47  min, 64% A and 36% B; from 47 – 
54  min, 57% A and 43% B; from 54 – 59 min, 5% A and 95% B.  
 
A ginsenoside standards kit containing 5 mg each of Rb1, Rb2, Rc, Rd, Re, and 
Rg1 (purity > 99%) was purchased from Indofine Chemical Company, Inc. (Catalog no. 
020119S, Hillsborough, NJ, USA).  Serial concentration dilutions were made for 
individual standards and were injected into HPLC, and corresponding peak areas for each 
standard concentration were used to make standard curves (peak areas were averages of 
three runs per standard concentration).  All six ginsenoside standards were combined and 
20 µl of the mixture was injected to obtain retention times for respective ginsenosides.  
The standards solutions were prepared using the same solvent as for the samples.  
Individual ginsenosides in each sample were identified by their retention times 
corresponding to those obtained from chromatogram of mixed standards.  In cases where 
peaks of some ginsenosides would not be clearly identified, samples were spiked with 
known standard concentration to identify the peaks and quantification of ginsenosides in 
the sample was calculated by subtracting peak areas of spiked standards alone from total 
peak area (sample and standard spike).  Samples were injected thrice per day (to check 
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for intraday variability) with samples ordered randomly in each run, and random samples 
would be injected on different days (to check for interday variability).  Intra and interday 
variability (RSD) of ginsenoside content was < 5%.  Individual ginsenoside content in 
each sample were calculated using their respective standard curves (r2 > 0.99).  The sum 
of six individual ginsenosides (hereafter referred to as total ginsenosides) across ginseng 
lines was analyzed using one-way analysis of variance in MINITAB release 13.20 
(MINITAB, State College, PA, USA). 
 
Results and Discussion 
 
Callus induction and growth – Callus induction was noted at the cut ends of explants at 
varied times for ginseng lines, however all explants developed callus tissues within 4 
wks, which is in agreement with what was reported previously on tissue culture of P. 
quinquefolius (Punja et al. 2004).  All callus tissues were light brown in color, soft and 
friable.  On average explants of ML line developed callus tissues in 14 days, whereas 
those of BLB and STK lines took on average 19 and 23 days respectively (Figure 4.1).  
Number of explants with callus tissues varied among ginseng lines.  Between day 7 and 
14, 52% of explants in ML had developed callus tissues, compared to 17% of explants in 
BLB line, and zero explants in STK line.  By day 21, 38% of explants for STK line had 
developed callus whereas 83% and 100% of explants from BLB and ML lines 
respectively had callus at this time (Figure 4.2).  Variability in callus induction and 
growth among explants from different lines has been reported in P. quinquefolius (Punja 
et al. 2004).  Given that in this study all explants were cultured in the same medium 
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under controlled conditions, it is suggestive that such variability in callus induction and 
growth would be due to genetic variations observed among source plants (Figure 4.6). 
 
Kota et al (2006) reported that in Azadirachta indica A. Juss, explants from high 
azadirachtin-A (a secondary metabolite) stock plants exhibited a better callus induction 
response and growth than those from low azadirachtin-A stock plants.  Similar 
observation was made in this study.  Explants of ML lines (which had high total 
ginsenosides content) induced callus in a short time and grew faster than those from other 
lines (Figure 4.1; Table 4.1).  Overall, dry weights of callus tissues at the end of the 
culture period were highest in ML lines, followed by BLB lines, and STK lines were the 
lowest (Figure 4.3).  Callus dry weight was positively correlated with total ginsenosides 
content of stock plants (ρ=0.796) (Table 4.2).  When values of total ginsenosides contents 
of stock roots were plotted against callus dry weight and a linear regression equation was 
fitted into the data (Figure 4.4), the following equation resulted: 
 
CDW = 3.02 GCSR + 17.45 (Adj r2 = 0.6102)                               (Eq. 1) 
  
Where: 
CDW  = callus dry weight (mg), and 
GCSR = total ginsenosides content of stock root (mg/g) 
Analysis of regression showed that the equation (Eq.1) was significant (P = 0.001), 
implying that up to 61.02% of the variability in callus growth is accounted by 
ginsenosides content of stock plants.   
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Ginsenosides analysis – Despite being of the same age the total ginsenosides content of 
stock roots ranged from 14.31 to 41.14 mg/g (Table 4.3).  Overall mean total 
ginsenosides content was lowest in STK line (23.16 mg/g), whereas ML line had the 
highest (35.08 mg/g) total ginsenosides content (Table 4.4).  Comparison of mean total 
ginsenosides among lines showed significant differences; these differences were between 
ML lines and BLB or STK roots, but not between BLB and STK lines (Table 4.4).  
Ginsenosides Rg1, Re, and Rb1 varied significantly among ginseng lines, however 
variation of ginsenosides Rc, Rb2, and Rd among lines was not significant (Table 4.4).  
Rb1 was the most abundant ginsenoside on all lines (Table 4.3 and 4.4), which is in line 
with other reports that have quantified ginsenosides in P. quinquefolius (Assinewe et al 
2003, Lim et al 2005, Schlag and McIntosh 2006).  Rg1 and Re were inversely related 
among all lines.  ML lines exhibited low Rg1/high Re profile, whereas BLB and STK 
lines exhibited both low Rg1/high Re and high Rg1/low Re profiles, but the proportion of 
roots with high Rg1/low Re profile were high in both BLB and STK lines (83% and 66% 
respectively) (Table 4.3 and 4.4).  
 
Callus tissues contained less total ginsenosides content than the source roots 
(Table 4.4), which was expected and is in line with what has been reported before for this 
species (Wang et al. 1999).  Their Rg1/Re ginsenoside profiles were similar to those of 
their stock roots, and as in stock roots, Rb1 was the most abundant ginsenoside in callus 
tissues.  However, the least abundant ginsenoside in callus tissues was Rd, whereas in 
stock roots it was ginsenoside Rb2.  Overall total ginsenosides content was high in callus 
tissues of ML line followed by those of BLB line and calli of STK line had the least 
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amount of total ginsenosides.  The difference in amount of total ginsenosides between 
callus tissues of BLB and ML lines was not significant; however between STK line and 
ML or BLB lines was significant (Table 4.4).  Total ginsenosides content of callus tissues 
correlated positively (ρ=0.828) with total ginsenosides content of stock plants (Table 
4.2).  A linear regression analysis of total ginsenosides content of callus tissue with that 
of  stock roots (Figure 4.5), gave the following equation: 
 
GCCT = 0175GCSR + 7.75 (Adj r2 = 0.6665)                                 (Eq. 2) 
 
Where: 
GCCT = total ginsenosides content of callus tissue (mg/g), and 
GCSR = total ginsenosides content of stock root (mg/g) 
Analysis of regression showed that the equation (Eq. 2) was significant (P = 0.001), 
implying that ginsenosides content of stock roots (GCSR) accounts up to 66.65% of the 
variability in ginsenosides content of callus tissues (GCCT).  
  
 Even though many studies have reported biomass growth and saponin production 
of in vitro tissues of ginseng, few have addressed the correlation between callus biomass 
and its ginsenosides content.  In this study, the correlation between callus dry weight and 
total ginsenosides content was determined, and was found to be positive and highly 
significant (ρ=0.915) (Table 4.2).  In Panax ginseng, such correlation was found to be 
negative (Wu and Zhong 1999), and in Panax notoginseng there was no correlation found 
(Zhang and Zhong 1997).  The variability in correlation of in vitro cultures and their 
bioactive components in genus Panax can be attributable to factors such as  genetic 
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differences among the species,  differences in their ginsenosides profiles, and variation of 
their growth kinetics and nutritional requirements in vitro (Hon et al. 2003; Mathur et al. 
2003; Hong et al. 2005). 
 
RAPD analysis – Out of the eight primers used, only six produced good reproducible 
and polymorphic bands.  A total of 37 fragments were generated using the six primers, 
the number of bands per primer ranged from 5 (OPH-04) to 9 (OPH-09) with an average 
of 6.16 bands per primer.  The percentage polymorphic bands ranged from 60% (UBC-
81) to 100% (OPD-05, OPH-05, and OPO-09) with a mean of 89.18% (Table 4.5).  The 
smallest genetic distance was between ML-2 and BLB-6; ML-3 and STK-4; BLB-1 and 
BLB-2; and BLB-1 and BLB-3, whereas the largest genetic distance was between ML1- 
and STK-6 (Table 4.6).  UPGMA cluster analysis of individual plants showed a 
considerable amount of genetic variation within ginseng lines (Figure 4.6).  One plant 
from ML line clustered separate from all other plants, and three plants from ML line 
clustered separately from the rest of the plants and were supported by a high bootstrap 
value.  However, two plants from ML line clustered with plants of either BLB or STK 
lines.  There was no distinct separation between plants of BLB and STK lines; they 
clustered more often with each other.  When plants from each line were pooled such that 
genetic relationship would be compared at line level, BLB and STK lines clustered 
together and ML line clustered separately (Figure 4.7).  Genetic dissimilarity among lines 
was; 11.15% between ML and BLB lines, 12.60% between ML and STK lines, and 
2.60% between BLB and STK lines (Table 4.7). 
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When genetic diversity (Figure 4.6) was compared to variations in ginsenosides 
content of stock plants (Table 4.3) interesting observations were made.  The plant with 
the highest amount of total ginsenosides (ML-1) clustered separately from all other 
plants.  Similarly, the plant with the lowest total ginsenosides (STK-6) was an “outgroup” 
of its cluster.  Also plants with the next highest amount of total ginsenosides (ML-4 and 
ML-6) clustered together.  However, other plants that clustered together, meaning they 
were closely related genetically, had different ginsenoside profiles and total ginsenosides 
content.  For example ML-2 and BLB-6 clustered together, but their Rg1/Re profiles 
were opposite, and had a 28% difference in their total ginsenosides content.  Likewise, 
ML-3 and STK-4 clustered together even though they had 42% difference in their total 
ginsenosides content and their Rg1/Re profiles were opposite.  Furthermore, BLB-1, 
BLB-2, and BLB-3 clustered together even though their Rg1/Re profiles were different.  
BLB-1 and BLB-2 showed high Rg1/low Re profile whereas BLB-3 had low Rg1/high 
Re profile, however their total ginsenosides content were close (26.09, 25.32, and 28.41 
mg/g). 
 
Examining of the banding patterns within and among lines did not reveal any 
unique DNA band or banding pattern that would be associated to a particular 
ginsenosides profile or that would explain abundance of ginsenosides on one plant over 
the other or one ginseng line over the other.  Linkage of a particular DNA band or 
banding patterns to a given ginsenosides profile can possibly be attained with use of more 
DNA markers on a bigger sample size combined with ginsenoside analysis.   
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Conclusions 
 
This study has demonstrated that root morphotypes of P. quinquefolius have different 
callus induction response, callus growth, and ginsenoside production in vitro.  Although 
it has been reported previously that proliferation of in vitro tissues and their subsequent 
ginsenoside production is influenced by plant growth regulators and chemical 
composition of the medium, through this study it has also been demonstrated that initial 
total ginsenosides content of explant donor plants have a significant influence on callus 
induction, growth, and resulting ginsenosides production in P. quinquefolius.  Also data 
from this study suggests that there are genetic differences between root morphotypes of 
P. quinquefolius and that their ginsenoside profiles are variable.  Although a specific link 
between a particular DNA band and a given ginsenosides profile or abundance was not 
found in this study, this foundational research will need to be expanded to identify DNA 
banding patterns that will categorize plants with desired profiles and ginsenoside content 
and therefore can be targeted for breeding of ginseng cultivars or to produce its bioactive 
components in vitro. 
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Figure 4.1.  Callus induction time of root explants from different ginseng lines cultured in 
the dark in MS medium with 1.0 mg l-1 2, 4-D and 0.1 mg l-1 Kinetin.  Each value is a 
mean of 6 biological replicates with 5 explants per replicate. Vertical lines are standard 
deviations of means. 
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Figure 4.2. Frequency of callus formation on root explants of three American ginseng 
lines cultured in MS medium with 1.0 mg l-1 2,4-D and  0.1 mg l-1 kinetin.  Data based on 
observation of 6 biological replicates with 5 explants per replicate for each ginseng line. 
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Figure 4.3. Callus growth on root explants of different ginseng lines cultured in the dark 
for 12 wks in MS medium with 1.0 mg l-1 2,4-D and 0.1 mg l-1 kinetin. Means are for 6 
biological replicates with 5 explants per replicate for each ginseng line. Vertical lines are 
standard deviations of means.  Different letters on each bar indicate means are 
significantly different at α = 0.05, Tukey’s test. 
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Figure 4.4. Relationship between total ginsenosides of stock plants and subsequent dry 
weight of their callus tissue after 12 wks of culture in the dark in MS medium with 1.0 
mg l-1 2,4-D and 0.1 mg l-1 Kinetin. The extreme values are not leverage points; their 
DFIT values did not exceed 2√[(k+1)/n], where k is the number of predictors and n the 
number of data points (Minitab Reference Manual, MINITAB).  
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Figure 4.5. Relationship between total ginsenosides of stock roots and that of their callus 
tissue cultured for 12 wks in the dark in MS medium with 1.0 mg l-1 2,4-D and 0.1 mg l-1 
Kinetin. The extreme values are not leverage points; their DFIT values did not exceed 
2√[(k+1)/n], where k is the number of predictors and n the number of data points (Minitab 
Reference Manual, MINITAB). 
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Figure 4.6. UPGMA based distance relationship between individual plants of P. 
quinquefolius with different root morphotypes (ginseng lines) based on Nei’s (1978) 
unbiased distance of their molecular data from RAPD analysis with 1000 bootstraps.  
BLB = “bulb or round”; ML = “man-like”; STK = “straight or stick” morphotypes.  Only 
bootstraps values greater than 60% are indicated. 
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Figure 4.7. UPGMA based distance relationship between three root morphotypes 
(ginseng lines) of P. quinquefolius based on Nei’s (1978) unbiased distance of their 
molecular data from RAPD analysis with 1000 bootstraps.  BLB = “bulb or round”; ML 
= “man-like”; STK = “straight or stick” morphotypes.   
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Table 4.1. Rate of callus growth of different ginseng lines cultured for 12 wks in the dark 
in MS medium with 1.0 mg l-1 2,4-D and 0.1 mg l-1 kinetin. 
 
Ginseng line Growth rate, %* 
ML 395 
STK 168 
BLB 294 
*Growth rate  =  (Final - Initial) explant dry weight x 100
Initial explant dry weight 
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Table 4.2. Pearson correlation among callus weight, total ginsenosides content of callus 
and stock roots. All correlations were highly significant (P = 0.001). 
 
  Stock root ginsenosides  
  content (mg/g) Callus weight (mg) 
  
 
Callus weight (mg) 0.796  
  
 
Callus ginsenosides    
content (mg/g) 0.828 0.915 
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Table 4.3. Ginsenosides content of stock roots and callus tissues of different ginseng lines. 
 
 
 
 
§
 Values of individual ginsenoside are means of three measurements 
6 Sum of six preceding individual ginsenosides  
* Dry weight (mg) of callus after 12 wks of culture in MS medium with 1.0 mg l-1 2,4-D and 0.1 mg l-1  Kinetin. Weight values are 
means of 5 explant measurements per sample 
 
 
 
 
Ginseng 
Lines sample Rg1 Re Rb1 Rc Rb2 Rd Total 6 Rg1 Re Rb1 Rc Rb2 Rd Total 6 Weigth*
ML 1 1.40 16.19 14.74 5.83 0.21 2.77 41.14 0.85 4.14 8.81 0.41 0.54 0.29 15.04 135.58
2 0.05 6.74 19.18 2.65 0.13 0.53 29.28 0.51 4.11 7.22 0.21 0.45 0.18 12.68 131.60
3 2.43 10.28 10.12 5.94 0.26 0.70 29.73 0.88 4.74 6.99 0.31 0.52 0.34 13.78 125.12
4 2.31 16.06 14.35 6.12 0.23 0.80 39.87 0.76 4.62 7.52 0.51 0.48 0.29 14.18 135.54
5 1.70 9.01 17.19 1.93 0.10 0.31 30.24 0.92 4.51 7.01 0.35 0.48 0.37 13.64 123.82
6 1.58 15.18 15.46 5.27 0.24 2.49 40.22 0.62 5.59 7.56 0.29 0.42 0.27 14.75 134.88
BLB 1 8.37 0.09 11.98 4.51 0.20 0.94 26.09 3.47 0.48 6.89 1.74 0.59 0.21 13.38 95.86
2 1.56 5.74 10.17 6.59 0.55 3.80 28.41 3.89 0.42 6.74 1.42 0.31 0.14 12.92 114.14
3 7.56 0.53 11.28 4.92 0.23 0.80 25.32 3.70 0.51 6.69 1.43 0.81 0.18 13.32 106.54
4 7.88 0.04 12.61 4.43 0.20 0.60 25.76 3.73 0.54 6.65 1.46 0.76 0.23 13.37 104.60
5 7.02 0.54 12.52 6.02 0.25 0.85 27.20 3.67 0.50 6.83 1.54 0.53 0.19 13.26 111.08
6 6.25 0.90 9.16 4.79 0.27 1.45 22.82 3.58 0.54 6.05 0.52 0.45 0.18 11.32 94.16
STK 1 1.99 9.78 8.21 4.86 0.23 2.16 27.23 2.55 0.57 7.01 0.67 0.21 0.17 11.18 72.28
2 0.90 9.26 9.37 6.13 0.29 2.82 28.77 2.88 0.59 6.78 0.84 0.27 0.18 11.54 78.18
3 7.75 0.21 13.25 3.71 0.16 0.98 26.06 2.39 0.45 7.16 0.66 0.20 0.15 11.01 70.24
4 7.83 0.18 8.46 3.94 0.20 0.38 20.99 2.15 0.23 7.87 0.51 0.10 0.09 10.95 67.00
5 7.20 0.10 9.20 4.15 0.21 0.73 21.59 2.41 0.65 6.98 0.71 0.23 0.22 11.20 73.70
6 5.53 0.23 5.70 2.27 0.13 0.45 14.31 1.98 0.21 7.14 0.56 0.19 0.11 10.19 64.18
 Ginsenosides content (mg/g dry wt)§ 
Stock roots Callus tissues
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Table 4.4. Ginsenoside contents and profiles of roots and callus tissues of different ginseng lines. Values are means ± SD of six 
replicates per line. 
 
 
 
6 Sum of six preceding individual ginsenosides 
¶ 1 = high Rg1/low Re profile, 2= low Rg1/high Re profile 
* Significant; NS = Non significant at α = 0.05, Tukey’s test 
 
 
 
 
 
 
 
 
 
Ginseng Rg1/Re 
Lines Rg1 Re Rb1 Rc Rb2 Rd Total 6  profile ¶
BLB 5.55 ± 3.38 2.20 ± 1.95 11.29 ± 1.38 5.21 ± 0.89 0.28 ± 0.13 1.41 ± 1.21 25.93 ± 1.89 1
ML 2.69 ± 2.02 11.13 ± 6.23 15.17 ± 3.05 4.62 ± 1.84 0.20 ± 0.06 1.27 ± 1.07 35.08 ± 5.58  2
STK 5.20 ± 3.97 3.29 ± 1.72 9.03 ± 3.15 4.18 ± 2.25 0.20 ± 0.07 1.25 ± 1.00 23.16 ± 5.33  1
Significance * * * NS NS NS *
BLB 3.67 ± 0.14 0.50 ± 0.04 6.64 ± 0.30 1.35 ± 0.42 0.58 ± 0.19 0.19 ± 0.03 12.93 ± 0.81  1
ML 0.76 ± 0.16 4.62 ± 0.54 7.52 ± 0.68 0.35 ± 0.10 0.48 ± 0.04 0.29 ± 0.29 14.01 ± 0.85  2
STK 2.39 ± 0.31 0.45 ± 0.19 7.16 ± 0.38 0.66 ± 0.12 0.20 ± 0.06 0.15 ± 0.05 11.01 ± 0.45  1
Significance * * * * * * *
 stock roots
12 week old calli
 Individual ginsenosides content (mg/g dry wt) 
  
 148 
 
 
Table 4.5. Summary of primers used in this study. 
 
Primer 5' – 3' sequence 
Total 
bands 
Polymorphic 
bands 
% of polymorphic 
bands 
OPD-05 TGAGCGGACA 8 8 100.00 
OPH-04 GGAAGTCGCC 5 4 80.00 
OPH-05 AGTCGTCCCC 4 4 100.00 
OPO-05 TGGCGTCCTT 9 9 100.00 
OPAD-11 CAATCGGGTC 6 5 83.33 
UBC-81 GAGCACGGGG 5 3 60.00 
TOTAL   37 33 89.19 
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Table 4.6. Distance matrix among individual roots within ginseng lines based on RAPD markers. Distance values based on Nei’s 
(1978) unbiased minimum distance. 
 
 
 
 
 
 
 
 
 
 
 
_________________________________________________________________________________________________________________________________________________________
Ginseng
Line               ML-1       ML-2        ML-3       ML-4     ML-5      ML-6     BLB-1     BLB-2     BLB-3     BLB-4     BLB-5  BLB-6     BLB-1     BLB-2     BLB-3     BLB-4     BLB-5     BLB-6 
_________________________________________________________________________________________________________________________________________________________
ML-1           0.0000
ML-2           0.7576     0.0000
ML-3           0.7273     0.1515     0.0000
ML-4           0.6364     0.3636     0.2727     0.0000
ML-5           0.5758     0.4242     0.3333     0.0606    0.0000
ML-6           0.6364     0.3636     0.2727     0.0606    0.1212      0.0000
BLB-1         0.7273     0.3939     0.3030     0.3939    0.4545      0.4545     0.0000
BLB-2         0.6970     0.4242     0.2727     0.3636    0.4242      0.4242     0.0303 0.0000
BLB-3         0.7576     0.3636     0.2727     0.3636    0.4242      0.4242     0.0303 0.0606     0.0000
BLB-4         0.7576     0.2424     0.1515     0.3030    0.3636      0.3636     0.1515     0.1818     0.1818     0.0000
BLB-5         0.6970     0.2424     0.1515     0.3030    0.3636      0.3636     0.3333     0.3030     0.3030     0.1818     0.0000
BLB-6         0.7273     0.0303 0.1818     0.3333    0.3939      0.3333     0.4242     0.4545     0.3939     0.2727     0.2727     0.0000
STK-1         0.7273     0.2121     0.1818     0.3939    0.4545      0.3939     0.2424     0.2727     0.2121     0.2121     0.3333     0.2424     0.0000
STK-2         0.7576     0.3636     0.2727     0.4242    0.4848      0.4848     0.0909     0.1212     0.1212     0.1212     0.3030     0.3939     0.2727     0.0000
STK-3         0.6970     0.4242     0.2727     0.3636    0.4242      0.4242     0.1515     0.1212     0.1212     0.2424     0.3030     0.3939     0.2727     0.1212     0.0000
STK-4         0.6970     0.1818     0.0303 0.3030    0.3636      0.3030     0.3333     0.3030     0.3030     0.1818     0.1818     0.2121     0.2121     0.3030     0.3030      0.0000
STK-5         0.6970     0.3030     0.2121     0.3636    0.4242      0.4242     0.3333     0.3030     0.3030     0.2424     0.0606     0.3333     0.3333     0.3030     0.3030      0.1818     0.0000
STK-6         0.7879 0.2121     0.1212     0.2727    0.3333      0.2727     0.3030     0.2727     0.2727     0.2121     0.2121     0.1818     0.1818     0.2727     0.2121      0.1515     0.2121    0.0000
_________________________________________________________________________________________________________________________________________________________
Values in bold  indicate minimum and maximum distances
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Table 4.7. Distance matrix of three ginseng lines based on RAPD markers. Distance 
values based on Nei’s (1978) unbiased minimum distance. 
 
Ginseng line ML BLB STK 
ML 0.0000   
BLB 0.1115 0.0000  
STK 0.1260 0.0260 0.0000 
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CHAPTER 5 
 
General Summary 
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American ginseng (Panax quinquefolius L.) is a perennial understory herb that is highly 
renowned for its medicinal properties (Duke 1989; Persons 1994).  Like many other 
medicinal plants worldwide, P. quinquefolius is mainly collected from the wild.  And 
because of its growing demand abundance of wild populations is threatened with over 
harvesting (Robbins 1998).  In West Virginia, P. quinquefolius is available both in 
cultivation and in the wild.  Even though P. quinquefolius occurs in all 55 counties in 
West Virginia (WVDOF 2008), patterns of its harvesting and cultivation vary across the 
state.  For instance most of wild harvesting occurs in the southern region in comparison 
to other regions, whereas large scale cultivation occurs in the northern region of the state.  
How these varied levels of human influence have shaped the genetic diversity and 
population structure of P. quinquefolius in West Virginia is relatively unexplored.  Unlike 
other medicinal plants that are mostly harvested for their leaf materials, P. quinquefolius 
is harvested for its root material.  The root of P. quinquefolius is unique because it has a 
tendency to branch into different morphotypes, and this variation in root shapes 
influences the perceived quality and hence value of P. quinquefolius roots in the market 
(Kim 2005; Roy et al. 2003, 2008). 
 
The objectives of this study were: first, assess the genetic diversity and population 
structure of P. quinquefolius growing in West Virginia and compare it to populations 
from Pennsylvania and Wisconsin.  Second, determine the effects of anthropogenic 
activities (harvesting pressure and cultivation intensity) on genetic diversity of P. 
quinquefolius growing in West Virginia.  Third, compare the variation in concentrations 
and profiles of ginsenosides among three different root morphotypes (BLB, ML, and 
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STK) and explore possible economic implications to P. quinquefolius marketing.  Fourth, 
assess genetic differences among these root morphotypes and evaluate how explants 
obtained from these roots respond to in vitro callus initiation, growth and ginsenosides 
production. 
 
Overall, results from 26 populations (14 wild and 12 cultivated) evaluated in this 
study showed higher levels of genetic diversity in cultivated than wild populations.  Most 
of the variation in cultivated populations was attributed to individuals within populations, 
whereas in wild populations greater variance was partitioned to differentiation among 
populations.  This finding is in agreement with other studies on P. quinquefolius 
(Schluter and Punja 2002; Mooney 2007).  Cultivated populations typically have a higher 
degree of gene flow among populations facilitated by greater movement of seeds between 
growers as opposed to limited gene flow among wild populations mainly caused by 
isolation of populations due to fragmented habitats.   
 
In general, West Virginia populations exhibited lower indices of genetic diversity 
compared to populations from Pennsylvania and Wisconsin. Low genetic diversity in 
West Virginia populations particularly for wild populations could be a consequence of 
harvesting pressure associated with the long history of wild P. quinquefolius collection in 
the state.  There was no significant difference in genetic diversity between cultivated and 
wild P. quinquefolius populations in West Virginia. Although this was unexpected, at 
least it can be explained by high level of genetic similarity observed between wild and 
cultivated populations from low cultivation intensity regions which could be due to use of 
  
 154 
 
 
seeds collected from the wild to start P. quinquefolius cultivation in most small scale 
farms.  
 
There was a significant effect of cultivation intensity on genetic diversity of P. 
quinquefolius in West Virginia.  Populations from high cultivation intensity regions had 
higher genetic diversity indices compared to those from low cultivation intensity regions.  
Likewise, among population differentiation was lower in high cultivation intensity 
regions but high in low cultivation intensity regions.  This implies that high cultivation 
intensity consequently leads to increase in genetic diversity among individuals within 
populations because of broader sourcing of seeds to meet the needs of large scale P. 
quinquefolius farming.  With regard to harvest pressure, populations from low harvest 
pressure regions had higher diversity indices than populations from high harvest pressure 
regions, although these genetic diversity indices were not statistically significant.  
Nonetheless, lower diversity indices observed in high harvest pressure region further 
reaffirms the detrimental effects of harvest pressure on P. quinquefolius populations 
(Cruse-Sanders and Hamrick 2004; Cruse-Sanders et al. 2005).   
 
Comparison of ginsenosides content among different root morphotypes (ML, 
BLB and STK) of P. quinquefolius showed significant variation in concentration and 
profiles of individual and total ginsenosides.  Roots of ML morphotype had higher total 
ginsenosides content than roots of BLB or STK morphotypes.  However there was no 
significant difference in total ginsenoside content between BLB and STK roots.  The 
concentrations of ginsenosides Re and Rb1 was higher in roots of ML morphotypes 
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compared to roots of BLB and STK morphotypes.  However ginsenoside Rg1 was lower 
in roots of ML morphotype.  Roots of ML morphotype exclusively exhibited low 
Rg1/high Re profile, whereas roots of BLB and STK morphotypes exhibited both low 
Rg1/high Re, and high Rg1/low Re profiles.  Basing root quality on total ginsenosides 
alone, then roots of ML morphotypes could be regarded to be of a higher quality than 
those of BLB or STK morphotypes.  Tabulation of frequency distribution of morphotypes 
in both field and greenhouse production showed that ML and STK roots were the least 
and the most abundant morphotypes respectively.  Variation in root morphotypes was 
observed in greenhouse grown roots as young as 3 months old.  Given that physical and 
environmental factors that may influence root shape were held uniform in the 
greenhouse, the observed variation on root shape could be an influence of underlying 
genetics.  However, further research using robust genomic tools will be needed to explore 
genetic linkage to root morphology in P. quinquefolius.  This will present breeding 
opportunities for this species. 
 
Currently there are no cultivars for P. quinquefolius (Schluter and Punja 2002), 
and this has been attributed to the general lack of breeding direction for medicinal plants 
(Hong et al. 2005).  However, in the light of various reports on pharmacological activities 
of individual ginsenosides, breeding targets for P. quinquefolius are becoming apparent.  
For instance, Re is reported to be effective against diabetes and helps lower cholesterol 
(Attele et al. 2002; Xie et al. 2005; Cho et al. 2006), therefore cultivars with high Re 
levels (ML roots) could be desirable.  On the other hand, Rg1 has been reported to have 
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neuroprotective properties (Liao et al. 2002), so cultivars with high concentration of Rg1 
(BLB and STK morphotypes) could be targeted. 
 
In the light of the above findings, economical analysis was conducted to explore if 
sorting of harvested roots to respective morphotypes before selling could leverage returns 
for the grower.  Result from economic analysis showed that, under the current production 
system (no selected cultivars), sorting roots to different morphotypes could result in 
revenue increase.  The level of return however will be dependent upon the cost of sorting 
and price premium mark up the grower will assign to high quality roots (ML).  However 
if sorting will result in lowering the price value of the other two root morphotypes (BLB 
and STK), then even at the lowest sorting cost this strategy will result in a net loss when 
compared to selling roots as a mixed batch.  This is simply because of the low abundance 
of ML morphotype roots in the population.  However, substantial economic gain is 
expected if successful breeding and production of high quality root morphotype is 
attained in future.  
 
Lastly, this study assessed how explants derived from different root morphotypes 
of P. quinquefolius responded to in vitro callus induction, growth and ginsenosides 
production.  Data from this study showed that explants from different root morphotypes 
exhibited different response to callus induction, callus growth and ginsenosides 
production.  There was a positive and significant correlation between ginsenosides 
content of stock plants and that of callus tissues, and between callus growth and 
ginsenosides content of stock plants.  Explants from stock plants with high total 
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ginsenosides content induced callus faster, were prolific in growth, and accumulated 
more total ginsenoside in their callus tissues than explants from stock plants with low 
ginsenosides content.  This could be one of the reasons for the observed fluctuation of in 
vitro ginsenosides production in previous studies in the genus Panax (Wu and Zhong 
1999) and could be an important consideration for in vitro production of bioactive 
components of any medicinal plant.   
 
RADP analysis revealed some genetic differences among root morphotypes.  
Based on molecular distances of their RAPD profiles, BLB and STK roots grouped into 
the same cluster and separate from ML roots.  Also data from HPLC analysis showed that 
there was a significant variation in ginsenosides profiles and content among root 
morphotypes of stock plants.  However, a specific link between a particular DNA band or 
banding pattern and a given profile or abundance of ginsenosides was not apparent.  
However, this line of research will need to be explored further in a bid to identify DNA 
markers that can be used to identify plants with desired ginsenosides profiles.  Those 
markers can then be used to facilitate breeding of this important medicinal plant. 
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